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INTRODUCTION. 



The object of the present work is to give a brief 
and plain account of the structure and functions 
of the body, chiefly with reference to health and 
disease. This is intended to be introductory to 
an account of the constitution of the mind, chiefly 
with reference to the development and direction of 
its powers. There is a natural connexion between 
these subjects, and an advantage in studying them 
in their natural order. Structure must be known 
before function can be understood: hence the 
science of physiology is based on that of anatomy. 
The mind is dependent on the body : hence an 
acquaintance with the physiology of the body 
should precede the study of the physiology of the 
mind. The constitution of the mind must be un- 
derstood before its powers and affections can be 
properly developed and directed : henCte a know- 
ledge of the physiology of the mind is essential 
to a sound view of education and morals. 

In the execution of the first part of lb\^ '^qtVl^ 
that which relates to the organization oi W\iQ^^% 

VOL, J, ^ 



4 INTRODUCTION. 

a formidable difficulty presents itself at the outset. 
The explanat;ion of structure is easy when the 
part described can be seen. The teacher of ana- 
tomy finds no difficulty in communicating to the 
student a clear and exact knowledge of the struc- 
ture of an organ ; because, by the aid of dissection, 
he resolves the various complex substances, of 
which it is built up, into their constituent parts, 
and demonstrates the relation of these elementary 
parts to each other. But the case is different with 
him who attempts to convey a knowledge of the 
structure of an organ n\erely by the description of 
it. The best conceived and executed drawing is 
a most inadequate substitute for the object itself. 
It is impossible wholly to remove this difficulty : 
what can be done, by the aid of plates, to lessen 
it, is here attempted. A time may come when the 
objects themselves will be more generally acces- 
sible: meanwhile, the description now given of 
the chief organs of the body may facilitate the 
study of their structure to those who have an 
opportunity of examining the organs themselves, 
and will, it is hoped, enable every reader at once 
to understand much of their action. 

Physical science has become the subject ol 

popular attention, and men of the highest endow- 

ments^ -who have devoted tVie\i Yv^c^ \a tiv^ cwlti- 
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vafion of this department of knowledge, conceive 
that they can make no better use of the treasures 
they have accumulated, than that of diffusing 
them. Of this part of the great field of knowledge, 
to make *^ the roi^h places plain, and the crooked 
places straight," is deemed a labour second in 
importance only to that of extending the boimdanes 
of the field itself. But no attempt has hitherto 
been made to exhibit a clear and comprehensive 
view of the phenomena of life ; the organization 
upon which those phenomena depend ; the phy- 
sical agents essential to their production, and the 
laws, as far as they have yet been discovered, ac- 
cording to which those agents act. The conse- 
quence is, that people in general, not excepting 
the educated class, are wholly ignorant of the 
structure and action of the organs of their own 
bodies, the circumstances which are conducive to 
their own health, the agents which ordinarily pro- 
duce disease, and the means by which the opera- 
tion of such agents may be avoided or counter- 
acted; and they can hardly be said to possess 
more information relative to the connexion between 
the organization of the body and the qualities of the 
mind, the physical condition and the mental state; 
the laws which regulate the production, ccmbi- 
nation, and succeasiou of the trainfi oi ^ft'aJK^^^^ 
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and painful thought, and the rules deducible fror 
those laws, having for theif object such a detei 
mination of voluntary human conduct, as ma 
secure the pleasurable and avoid the painful. 

Yet nothing would seem a fitter study for ma! 
than the nature of man in this sense of the teriri 
A knowledge of the structure and functions of th 
body is admitted to be indispensable to whoeve 
undertakes, as the business of his profession, U 
protect those organs from injury, and to restow 
their action to a sound state when it has become 
disordered; but surely some knowledge of this 
kind may be useful to those who have no intention 
to practise physic, or to perform operations in 
surgery; may be useful to every human being, tc 
enable him to take a rational care of his health, to 
make him observant of his ovm altered sensations, 
as indications of approaching sickness; to give 
him the power of communicating intelligibly with 
his medical adviser respecting the seat and the 
succession of those signs of disordered function, 
and to dispose and qualify him tp co-operate with 
his physician in the use of the means employed to 
avert impending danger, or to remove actual 
disease. 

But if to every human being occasions must 
continually occur, when kno^lej^L^'b <A ^CK«k Viwd 
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▼ould be useful, the possession of it seems pecu- 
liarly necessary to those who have the exclusive 
c&re of infancy^ almost the entire care of child- 
hood, a great part of the care of the sick, and whose 
Ignorance, not the less mischievous because its acti- 
ntyis induced by affection, constantly endangers, 
and often defeats, the best concerted measures of 
th physician. 

The bodily organization and the mental powers 
of the child depend mainly on the management of 
the infant ; and the intellectual and moral apti- 
tudes and qualities of the man have their origin in 
the predominant states of sensation, at a period 
far earlier in the history of the human being than 
is commonly imagined. The period of infancy 
is divided by physiologists into two epochs ; the 
first, commencing from birth, extends to the se- 
venth month ; the second, commencing from the 
seventh month, extends to the end of the second 
year, at which time the period of infancy ceases, 
and that of childhood begins. The first epoch of 
infancy is remarkable for the rapidity of the deve- 
lopment of the organs of the body : the processes 
of growth are in extreme activity ; the formative 
predominates over the sentient life, the chief ob- 
ject of the action of the former being to prepare 
the apparatus of the latter. The secotid. er^oc\\ cA 
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infancy is remarkable for the development of the 
perceptive powers. The physical organization, 
of the brain, which still advances with rapi- 
dity, is now capable of a greater energy, and 
a wider range of function. Sensation becomes 
more exact and varied ; the intellectual faculties 
are in almost constant operation; speech com- 
mences, the sign, and, to a certain extent, the 
cause of the growing strength of the mental 
powers ; the capacity of voluntary locomotion is 
acquired, while passion, emotion, affection, come 
into play with such constancy and energy, as to 
exert over the whole economy of the now irritable 
and plastic creature a prodigious influence for 
good or evil. If it be, indeed, possible to make 
correct moral perception, feeling, and conduct, a 
part of human nature, as much a part of it as any 
sensation or propensity — if this be possible for 
every individual of the human race, without ex- 
ception, to an extent which would render oil more 
eminently and consistently virtuous than any are 
at present (and of the possibility of this, the con- 
viction is the strongest in the acutest minds which 
have studied this subject the most profoundly), 
preparation for the accomplishment of this object 
must be commenced at this epoch. But if pre- 
paration for this object be teaWy coTKovftTvc^, \\ 
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implies, on the part of those who engage in the 
undertaking, some degree of knowledge; know- 
ledge of the physical and mental constitution of 
the individual to be influenced ; knowledge of thi 
niode, in which circumstances musf^ be so modi 
fied in adaptation to the nature oi the individual 
^ing, as to produce upon it, with uniformity and 
Certainty, a given result. The theory of human 
^iety, according to its present institutions, sup- 
poses that this knowledge is possessed by the 
mother ; and it supposes, further, that this adap- 
tation vidll actually take plate in the domestic 
circle through her agency. Hence the presumed 
advantage of having the eye of the mother always 
upon the child ; hence the apprehension of evil 
so general, I had almost said instinctive, whenever 
it is proposed to take the infant, for the purpose 
of systematic physical and mental discipline, from 
beyond the sphere of maternal influence. But 
society, which thus presumes that the mother will 
possess the power and the disposition to do this, 
what expedients has it devised to endow her with 
the former, and to secure the formation of the 
latter ? I appeal to every woman whose eye may 
rest on these pages. I ask of you, what has 
ever been done for you to enable you to under- 
stand thephyaical and mental coiiet\lu\.\oTv o^ ^^N. 
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human nature, the care of which is impoged upon 
you ? In what part of the course of your educa- 
tion was instruction of this kind introduced? 
Qver how lai^e a portion of your education did 
it extend? Who were your teachers ? What have 
you profited by their lessons? What progress 
have you made in the acquisition of the requisite 
information ? Were you at this moment to uu*- 
dertake the guidance of a new-bom infant to 
health, knowledge, goodness, and happiness, how 
would you set about the task ? How would you 
regulate the influence of external agents upon its 
delicate, tender, and highly-irritable organs, in 
such a manner as to obtain from them healthful 
stimulation, and avoid destructive excitement? 
What natural and moral objects would you select 
as the best adapted to exercise and develope its 
opening faculties ? What feehngs would you 
check, and what cherish ? How would you excite 
aims ; how would you apply motives ? How would 
you avail- yourself of pleasure as a final end, or 
as the means to some further end? And how 
would you deal with the no less formidable instru- 
ment of pain ? What is your own physical, in- 
tellectual, and moral state, as specially fitting you 
for this oflSce ? What is the measure of your own 
gpJf'CODtrol, without a large poition of which nc 
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human being ever yet exerted over tbe infant 
mind any considerable influence for good ? There 
is no philosopher, however profound his know- 
ledge, no instructor, however varied and extended 
his experience, who would not enter upon this 
task with an apprehension proportioned to his 
knowledge and experience ; but knowledge which 
men acquire only after years of study, habits which 
are generated in men only as the result of long- 
continued discipline, are expected to come to you 
spontaneously, to be bom with you, to require on 
your part no culture, and to need no sustaining 
influence. 

But, indeed, it is a most inadequate expression 
of the fact, to say that the communication of the 
knowledge, and the formation of the habits which 
are necessary to the due performance of the duties 
of women, constitute no essential part of their 
education : the direct tendency of a great part of 
their education is to produce and foster opinions, 
feelings, and tastes, which positively disqualify 
them for the performance of their duties. All 
would be well if the marriage ceremony, which 
transforms the girl into the wife, conferred upon 
the wife the qualities which should be possessed 
by the mother. But it is rare to ^nd^^i^orcv 

capable of the least difficult part of el^\ic^^i\oTi^ 

b3 
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n^onely, that of communieating instruction, eve 
after diligent study, with a direct view to teacL 
ing ; yet an ordinary girl, brought up in the ordi 
nary mode, in the ordinary domestic circle, i 
intrusted with the directio^ and control of th 
first impressions that are made upon the humai 
being, and the momentous, physical, intellectual 
and moral results that arise out of those imprea 
sions ! 

I am sensible of the to^ inadequacy of an; 
remedy for this evil, short of a modification of on 
domestic ipstitutions. Mere information, how 
ever complete the communication of it, can d 
little beyond a£fording n clei^er conception of th 
end in view, and of $he means fitted to secure i 
Even this little, however, would be somethin, 
gained; and the hope of contributing, in som 
degree, to the f\irtherance of this object, has sup 
plied one of the main motives for undertaking th 
present work. Meantime, women are the earliee 
teachers; they must be nurses; they can be neithe: 
without the risk of doing incalculable mischiei 
unless they have some understanding of the sul: 
jects about to be treated of. On these grounds 
rest their obligation to study them; and I loo 
upon that notion of delicacy, which would exclud 
tAem from Imowledge csdculated, in an extraoi 



INTRODtJCTION • 1 1 

dinary degree, to open^ exa]t, and purify their 
tninds, and to fit them for the performance of 
their dutiefl, as alike degrading to those to whom 
it affects to show respect, and debasing to the mind 
that entertains it. 

Though each part of this work will be made as 
complete in itself as the author is capable of ren- 
dering it, and to that extent independent of any 
other part, yet there will be found to be a strict 
connexion between the several portions of the 
whole ; and greatly as the topics included in the 
latter differ from those which form the earlier 
.subjects, the advantage of having studied the for- 
mer before the latter are entered on, will be felt 
precisely as the word stiuly can be justly applied 
to the operation of the mind on such matters. 

In the expository portion of the work I have 
not been anxious to abstain from the employment 
of technical terms, when a decidedly useful pur- 
pose was to be obtained by the introduction of 
them; but I have been very careful to use no 
such term without assigning the exact meaning of 
it. A technical term unexplained is a dark spot 
on the field of knowledge ; explained, it is a clear 
and steady light. 

In order really to understand the statea o€ \i<t*^!^ 
and disease, an acquaintance ml\i \\i^ xaX\x\^ q'^ 
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organization, and of the vital processes ot 'whicli 
is the seat and the instrument, is indispensable : i^ '^ 
is for this reason that the exposition of structui^^ 
and function, attempted in this first part of the ^ork^ 
is somewhat full ; but there cannot be a question 
that, if it accomplish its object, it will not only 
enable the account of health and disease in the 
subsequent part of it to be much more brief, but 
that it will, at the same time, render that account 
more intelligible, exact, and practical. 

S.S. 
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CHAPTER I. 



^aracten by which living being* are distinguiihed from 
inorganic bodies— Characters by which animals are dis- 
tinguished from plants — Actions common to plants and 
animahi — Actions pecidiar to animals— .Actions included 
in the orgamio circle — Actions included in the animal 
circle — Organs and functions defined — Action of X)hy8i- 
cal agents on org^ised structures — Processes of supply, 
and processes of waste — Reasons why the structure of 
the animal is more complex than that of the plant. 

The distinction between a living being find an 
inorganic body, between a plant and a stone, is, 
that the plant carries on a number of processes 
which are not performed by the stone. The 
plant absorbs food, converts its food into its own 
proper substance, arranges this substance into 
bark, wood, vessels, leaves, and other organized 
structures; grows, arrives at maturity, and de- 
cays ; generates and maintains a certain degree of 
heat; derives from a parent the primary struc- 
ture and the £rat impulse upon wYiicYi \\ie«& n«xv&\ 
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actionB depend ; gives OTigin to a new being sum* 
lar to itself, and, after a certain time, terminates 
its existence in death. 

No such phenomena are exhibited by the stone; 
it neither absorbs food, nor arranges the matter 
of which it is composed mto organized stittctme; 
nor grows, nor decays, nor generates heat, nor 
derives its existence from a parent, nor gives 
origin to a new being, nor dies. Nothing analogous 
to the processes by which these results are produced, 
is observable in any body that is destitute of life; 
all of them are carried oil by every living crea- 
ture. These processes are, therefore, denominatlsd 
vital, and, being pecijiar to the state of life, they 
afford characters by which the living being is 
distinguished from the inorganic body 

In like manner the distinction between an ani- 
mal and a plant is, that the animal possesses pro- 
perties of which the plant is destitute. It » 
endowed with two new and superior powers, to 
which there is nothing analogous in the plant; 
namely, the power of sensation, and the power of 
voluntary motion ; the capacity of feeling, and the 
capacity of moving from place to place as its feel- 
ing prompts. The animal, like the plant, receives 
food, transforms its food into its own proper sub- 
stance, builds this substance up into structure, 
generates, and maintains a certain temperatute, 
derives its existence from a parent, produces an 
o£fBpring like itself, and teimmaUa \\;& ^y!\«\£v\c^ vsi 



ORGANIC AND ANIICAI. ACTIONS. 1 5 

<]eath. Up to this point the vital phenomena exlii* 
bited by both orders of living creatures are alike : 
but at this point the vital processes of the plant 
terminate, while those of the animal are extended 
and exalted by the exercise of the distinct and 
superior endowments of sensation and voluntary 
motion. To feel» and to move spontaneously, in 
accordance with that feeling, are properties pos 
sessed by the animal, but not by the plant ; and 
therefore these properties afford characters by 
which the animal is distinguished from the plant. 
The two great classes of living beings perform, 
then, two distinct sets of actions : the first set is 
coinmon to all living creatures ; the second is pecu- 
liar to one class : the first set is indispensable to life ; 
the second is necessary only to one kind of life, 
namely, the animal. The actions included in the 
first set, being common to all living or organized 
creatures, are called organic; the actions in- 
cluded in the second class, belonging only to one 
part of living or organized creatures, namely, ani- 
mals, are called animal. The organic actions 
consist of the processes by which the existence of 
the living being is maintained, and the perpetua- 
tion of its species secured: the animal actions 
consist of the processes by which the living being 
is rendered percipient, and capable of spontaneous 
motion. The organic processes comprehend 
those of nutrition, respiration, circulatioxv, ^e,c\^- 
tion, excretion, and reproduction i iW ^i^\. ^^^ 
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relate to the maintenance of the life of the indi- 
vidual heing ; the last to the perpetuation of itt 
species. The animal processes comprehend those 
of sensation and of voluntary motion, often deno- 
minated processes of relation, hecause they put 
the individual being in communication with the 
external world. There is no vital action per- 
formed by any living creature which may not be 
included in one or other of these processes, or in 
some modification of some one of them. There 
is no action performed by any inorganic body 
which possesses even a remote analogy to either 
of these vital processes. The line of demarcation 
between the organic and the inorganic world is, 
therefore, clear and broad ; and the line of de- 
marcation between the two great divisions of the 
organic world, between the inanimate and the 
animate, that is, between plants and animals, is 
no less decided : for, of the two sets of actions 
which have been enumerated, the one, as has just 
been stated, is common to the whole class of 
living beings, while the second set is peculiar to 
one division of that class. The plant performs 
only the organic actions : all the vital phenomena 
it exhibits are included in this single circle ; it is, 
therefore, said to possess only organic life: but 
the animal performs both organic and animal 
actions, and is therefore said to possess both 
oiganic and animal life. 
Both the organic and 'the ammsA. «a\I\qt^% «x% 
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mplisbed by means of certain instrumente, 
isy organized bodies whicb possess a definite 
ture, and which are moulded into a peculiar 
Such an instrument is called an organ, 
he action of an organ is called its function, 
leaf of the plant is an organ, and the conver- 
)f sap by the leaf into the proper juice of the 
y by the process called respiration, is the 
ion of this organ. The liver of the animal 
organ; and the conversion of the blood that 
ates through it into bile, by the process of 
ion, is its function. The brain is an organ ; 
entient nerve in communication with it is 
m organ. The extremity of the sentient 
receives an impression from an external 
t, and conveys it to the brain, where it be- 
) a sensation. The transmission <5f the im- 
.09 is the function of the nerve ; the conver- 
of the impression into a sensation is the 
ion of the brain. 

e livipg body consists of a congeries of these 
iments or organs : the constituent matter of 
organs is always partly in a fluid and partly 
olid state. Of the fluids and solids which 
nvariablv enter in combination into the com- 
ytk of the organs, the fluids may be regarded 
z primary and essential elements, for they 
e source and the support of the solids. There 
solid which is not formed out of «l ^\iy^\ xivi 
rbicb does not always contaia, «a «^ ckvca^- 
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tuent part of it, some fluid, and none which is 
capable of maintaining its integrity without a 
continutil supply of fluids. 

Whatever be the intimate composition of the 
fluids out of which the solids are formed, the in- 
vestigation of which is more difficult than that of 
the solids and the nature of which is therefore 
less clearly ascertained, it is certain that all the 
matter which enters into the composition of the 
solid is disposed in a definite order. It is this 
disposition of the constituent matter of the living 
solid in a definite order that constitutes the 
arrangement so characteristic of all living sub- 
stance. Definite arrangements are combined in 
definite modes, and the result is what is termed 
organization. From varied arrangements result 
diflerent kinds of organized substances, each en- 
dowed with diflerent properties, and exhibiting 
peculiar characters. By the recombination of 
these several kinds of organized substances, in dif* 
ferent proportions and diflerent modes, are formed 
the special instruments, or organs, of which wc 
have just spoken ; while it is the combining, or 
the building up of these diflerent organized sub- 
stances into organs, that constitutes structure. 

In the living body, not only is each distinct 

organ alive, but, with exceptions so slight that 

they need not be noticed here, every solid which 

enters into the composition of the organ is en- 

dowed with vital properties. This \a igit<Ai^iX^^ ^^ 
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(*^i8e with the primary substances or tissues which 

Compose the several organs of the plant ; but that 

the animal solids are alive is indubitable; nay, 

the evidence is complete, that many even of the 

animal fluids possess vitality. The blood in the 

animal is as truly alive as the brain, and the bone 

as the flesh. The organized body, considered as 

a whole, is the seat of life ; but life also resides 

in almost every component part of it. 

Yet the matter out of which these living sub- 
stances is formed is not alive. By processes of 
which we know nothing, or, at least, of which we 
see only the first steps, — matter, wholly destitute of 
life, is converted into living substance. The inor- 
ganic matter, which is the subject of this won- 
derful transformation, is resolvable into a ver}' 
few elementary substances. In the plant, these 
substances consist of three only, namely, oxygen, 
hydr(^en, and carbon. The first two are aeriform 
or gaseous bodies ; the last is a solid substance, 
and it is of this that the plant is chiefly com- 
posed : hence the basis of the plant is a solid. 
The elementary bodies, into which all animal sub- 
stance is resolvable, are four, namely, azote, 
oxygen, hydrogen, and carbon. Into every animal 
fluid and sohd this new substance azote enters 
so largely, that it may be considered as the funda- 
mental and distinctive element of the animal or- 
ganization : hence the basis of live amxa^ *\^ ^^ 
aeriform or gaseouB fluid. The amia^X \& c^oxsv- 
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posed of air, the plant of solid matter ; and thui 
difference in their elementary nature gives origin 
to several distinctive characters between the plant 
and the animal, in addition to those which have 
been already stated. 

Thus the characters of the plant are solidity} 
hardness, fixedness, and durability ; while the 
animal is comparatively fluid, soft, volatile, and 
perishable ; and the reason is now manifest. The 
basis of the animal being an aeriform fluid, its 
consistence is softer than that of the plant, the 
basis of which is a firm solid ; and, at the same 
time, the component elements of the animal being 
more numerous than those of the plant, and the 
fluidity of these elements, and of the compounds 
they form, greatly favouring their action and re- 
action on each other and on external agents, the 
animal body is more volatile and perishable dur- 
ing life, and more readily decomposed after death. 

It has been stated, that the object of every 
structure or organ of the living body, is the per- 
formance of some special action or function,— 
the ultimate object of the fluids being the pro- 
duction of the solids ; the ultimate object of the 
solids being the formation of organs ; the ultimate 
object of organs being the performance of actions 
or functions ; while it is in the performance of 
actions or functions that life consists. Functions 
carried on by organs ; organs in action ; special 
oijgfana perfornung definite ac^oika» V\iSa'\\.\&^QsisX 
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constitutes the state of life. Every particle of 

f p**4 

J matter which enters into the composition of the 
living hody has thus its own place, forming, or 
destined to form, a constituent part of some organ ; 
every organ has its own action ; all the organs of 
the hody form the body ; and all the actions of all 
the organs constitute the aggregate of the vital 
phenomena. 

Every organ is excited to action, or its func- 
tion is called into operation by means of some 
external body. The external bodies capable of 
exciting and maintaining the functions of living 
organs, consist of a definite class. Because these 
bodies belong to that department of science which 
is called physical, they are termed physical agents. 
• They are air, water, heat, cold, electricity, and 
light. Without the living organ, the physical 
agent can excite no vital action : without the phy- 
sical agent, the living organ can carry on no vital 
process. The plant cannot perform the vital pro- 
cess of respiration without the leaf, nor, with the 
leaf, without air. The physical agent acts upon 
the living organ; the living organ reacts upon 
the physical agent, and the action between both is 
definite. In the lung of the animal a certain 
principle of the air unites, in definite proportions » 
with a certain principle of the blood ; the oxygen 
of the air combines with the carbon of the blood ; 
the air is changed hy the abstraction of \\a o-joj- 
£^enj the blood is chanp^ed by the absttacXAow v>l 
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its carbon. Atmosplieric air goes to tlie lung, 
but atmospheric air does not return from the lung; 
it is converted into a new substance by the actioa 
of the organ : it is changed into carbonic acid by 
the union of a given quantity of oxygen, which 
it transmits to the organ, with a given quantity 
of carbon which the organ conveys to it. Venom 
blood goes to the lung, but venous blood does not 
return from the lung ; it is converted, by the in- 
strumentality of the organ, into a new substance, 
into arterial blood, by giving to the air carbon, 
and by receiving from the air oxygen. In this 
manner the change in the physical agent is de- 
finite and uniform ; and the change in the living 
substance is equally definite and uniform. 

It is this determinate interchange of action , 
between the living organ and the physical agent 
that constitutes what is termed a vital process. 
All vital processes are carried on by living oigans; 
the materials employed in all vital processes aie 
physical agents; the processes thei&selves are 
vital functions. All the changes produced by all 
the organs of the plant upon physical agents, and 
all the changes produced by all physical agents 
upon the organs of the plant, constitute all the 
vital processes of the plant — comprehend the 
whole sum of its vital phenomena. The root, the 
trunk, the woody substance, the bark, the ascend- 
ing vessels bearing sap, the descending vessels 
bearing secreted fluida, the \ea^e», X\va ^or^^x^^ 
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are the living organs of the plant. Air, 
', heaty cold, electricity, light, these are the 
cal agents which produce in these organs de- 
changes, and which are themselves changed 
em in definite modes ; and the whole of these 
^y taken together, comprehend the circle of 
IS, or the range of functions performed by 
iving being. 

the state of life, dming the interchange of 
I which thus incessantly goes on between 
cal agents and vital organs, the laws to 
k inorganic matter is subject are resisted, 
)lled, and modified. Physical and chemical 
dons are brought under the influence of a 
ind superior agency, with the laws of which 
e imperfectly acquainted, but the operation 
kich we see, and which we call the agency 
J. Air, water, heat, electricity, are physical 
B, which subvert the most intimate combina- 
of inorganic bodies, resolving them into their 
e elements, and recombining these ele- 
} in various modes, and thus forming new 
B, endowed with totally different properties ; 
le physical and chemical agencies by which 
changes are wrought in the inorganic, are 
id, controlled, and modified by the living 
: resisted, for these physical agents do not 
(ipose the living body; controlled and modi- 
for the living body converts these ^er^ ^L^exiX^ 
be material for sustaining its oytii exitXfixwe^ 
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Of all the phenomena included in that circle oi 
actions which we designate by the general tens 
life, this power of resisting the effects universally 
produced by physical agents on inoi^nic mattet, 
and of bringing these very agents under subjec- 
tion to a new order of laws, is one of the moit 
essential and distinctive. 

All vital processes are processes of supply, or 
processes of waste. By every vital action per- 
formed by the organized body, some portion of its 
constituent matter is expended. Numerous vital 
actions are constantly carried on for the sole pu^ 
pose of compensating this expenditure. Every 
moment old particles are carried out of the aya- 
tem ; every moment new particles are introduced 
into it. The matter of which the organized, and 
more especially the animal, body is composed, m 
thus in a state of perpetual flux ; and in a certaii 
space of time it is completely changed, so that o 
all the matter that constitutes the animal body at i 
given point of time, not a single particle remaifii 
at another point of time at a given distance. 

All the wants of the economy of the plant ar 
satisfied by a due supply of air, water, heat, cold 
electricity, and light. Some of these physicfl 
agents constitute the crude aliment of the plant 
others produce in this aliment a series of changes 
by which it is converted from crude aliment int 
proper nutriment^ while others act as stimulanti 
Ifj" which movements axe exc\\.<id, \)afc yiXxlybev^ 
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olject of which k the distribution of the nutri- 
ment to the yuious parts of the economy of the 
l^ant. 

The same physical agents are indispensable to 
the support of the animal body ; but the animal 
cannot be sustained by these physical agents 
alone; for the maintenance of animal life, in 
some shape or other, vegetable or animal matter, 
or both in a certain state of combination, must be 
Superadded : hence another distinction between the 
plant and the animal,-^the necessity, on the part 
of the animal, of an elaborated aliment to maintarn 
its existence. By the vital processes of its eco- 
nomy, the plant converts inoi^nic into organic 
matter ; by the vital processes of its economy, the 
animal converts matter, already rendered organic, 
into its own proper substance. The plant is thus 
purveyor to the animal : but it is more than pur- 
veyor to it; for while it provides, it also prepares 
its food; it saves the animal one process, that of 
the transmutation of inorganic into organic matter. 
The ultimate end, or the final cauee of the vital 
processes performed by the first class of living 
beings, is thus the elaboration of aliment for the 
second : the inferior life is spent in ministeniig, 
and the great object of its being is to minister to 
the existence of the superior. 

At the point at which organization commences 
structure is so simple that there is no mvmitsX. ^^s^- 
tiaction of organs. Several fuDctioiis axe ^^tivsticw^ 

VOL* I. o 
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apparently by oii£ single organized substance. The 
lowest plants and tbe lowest animals are equally 
without any separate oi^ns, as far as it is in our 
power to distinguish them, for carrying on the rital 
actions they perform. An organized tissue, appa- 
rently of an homogeneous nature, containing fluid 
matter, is all that can be made out by which the 
most simply-constructed plant carries on its single 
set, and by which the most simply-constructed 
animal carries on its double set, of actions. Bat 
this simplicity of structure exists only at the very 
commencement of the organized world. Every ad- 
vancement in the scale of organization is indicated 
by the construction of organs manifestly separate 
hr the performance of individual functions ; and, 
invariably, the higher the being, the more com- 
plete is this separation of function from function, 
and, consequently, the greater the multiplicatioQ 
of organs, and the more elaborate and complex 
the structure ; — and hence another distinction be- 
tween the plant and the animal. The simplicity 
of the structure of the plant is in striking con- 
trast to the complexity of the structure of the 
animal ; and this difference is not arbitrary ; it is 
a matter of absolute necessity, and the reason of 
this necessity it will be instructive to contemplate. 

The plant, as has been shown, performs only 
one set of functions, the organic ; while the animal 
jyerforms two sets of functions, the organic and 
the animal. The animal^ then, -^crfoxToa xBMsife 



COMPLBZ 8TRUCTVRS OF THB ANIMAL. 21 

functions than the plant, and functions of a higher 
order ; it carries on its functions with a greater 
degree of energy ; its functions have a more ex- 
tended range, and all its functions bear a cer- 
tain relation to each other, maintaining an harmo- 
nious action. The number, the superiority, the 
relation, the range, and the energy of the functions 
performed by the animal are, then, so many con- 
ditions, which render it absolutely indispensable 
that it should possess a greater complexity of 
structuie than the plant. 

1. To build up structure is to create, to arrange, 
and to connect organs. Organs are the instru- 
ments by which functions are performed, and 
without the instrument there can be no action. 
With as many more organs than the plant pos- 
sesses the animal must, therefore, be provided, as 
are necessary to carry on the additional iiinctions 
it performs. Organs, for its organic functions, it 
must have as well as the plant ; but to these must 
be superadded organs of another class, for which 
the plant has no need, namely, organs for its ani- 
mal functions. Two sets of organs must, there- 
fore, be provided for the animal, while the plant 
requires but one. 

2. Some functions performed by the animal are 
of a higher order than any performed by the plant, 
and the superior function requires a higher organ- 
ization. The construction of an ot^^iv \& e.Q'ov- 

plex aa ita action k elevated; tYie m^UA^m^wX v^ 



28 THE PHIL0S0FH7 OF HEALTH. 

elaborately prepared in proportion to the noble* 
ness of its office. 

3. But this is not all ; for the addition of a 
superior function requires not only the addition of 
an organ having a corresponding superiority of 
structure, but it requires, further, that a certain 
elevation of structure should be communicated to 
all the organs of all the inferior functions, on ac- 
count of the relation which it is necessary to esta- 
blish between function and function. Unless the 
organ of an inferior function be constructed with 
a perfection corresponding to that of the organ of 
a superior function, the inferior will be incapable 
of working in harmony with the superior. Take, 
for example, the inferior function of nutrition : 
nutrition is an 6rganic function equally necessary 
to the plant and to the animal, and requiring in 
both organs for performing it ; but this functbn 
cannot be performed in the animal by organs as 
simple as suffice for the plant. Nutrition, in the 
plant, is carried on in the following mode : — ^The 
root of the plant is divided, like the trunk, into 
numerous branches (fig. I. 1). These branches 
divide and subdivide into smaller and smaller 
branches, until at last they reach an extreme de- 
gree of minuteness (Bg. I. 2 2). The smallest of 
these divisions, called, from their hair-like tenuity, 
capillary (fig. I. 2 2), are provided with a pecu- 
Yiar structure, which is endowed with a specific 
function. In most plants this pec>\\\«LT «»tn3LeXMSA 
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18 found at the terminal point of the rootlet (fig. I. 
2 2); but in some plants the capillary branches 




2 ' 



of the rootlets are provided with distinct bodies 
(fig. II. 1 2), scarcely to be discerned when the 
root has been removed some time from the soil, 
and has become dry (fig. II. 2 2); but which, in a 
few minutes after the root has been plunged in 
water, provided the plant be still alive, become 
turgid with fluid, and, consequently, distinctly 
risible (fig. II. 111). These bodies, when they 
ixist, or the terminal point of the rootlet when 
these bodies are absent, are termed spongeola^ or 
ipongeoles ; and the structure and function of the 
srgan, in both cases, are conceived to be precisely 
the same. In both the organ consi^U ol ^ mYaNi\& 
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cellular structure. Fig. III. 1, ahows this atrn^ 
ture as it appears when the object is mftgnified. 
The office of this oi^an is to absorb the aliment of 
the plant from the Boilj and ho great is its absorb- 
ing power, that, as is proved by direct experiment, 
it absorbs the colouring molecules of liqiudi, 
though these moleculeB will not enter the ordinary 
porcB, which are of much greater magnitude. 
With the spoogeoles are connected vessels which 
pass through the substance of the stem or trusk 
Fig. ll.ji Vig.UL 




to the leaf. Fig. III. 2, shows these tubes 
sprii^ng from the cellular structure of the spon- 
geole, and passing up to the stem or trunk. Fig. 
IV. 2, exhibits a magnified view of the appear- 
ance of the mouths of these tubes on making an 
horizontal section of the spougeole. Fig, V. 
Ill, exhibits a view of these tubes passing to 
the leaf. Figs. VI. and VII. 1111, show these 
vessels spread out upon, and ramifying through, 
the leaf. The crude aliment, borne by these tubes 
to the leaf, is there converted into proper nutri- 
meati and from the leaf, whet* ivA^ c^*^llJ«.^fiA 
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roper nutriment ii carried out by ducta to 
rioiiB oi^ans of the plant, in order to aupplj 
•rith the aliment they need, 
r, for carryiug on the proceea of nutrition in 
lode, there muit be organs to abaorb the 
aliment, organs to convey the crude aliment 
laboratory, the leaf, in vhich it ii converted 
>roper nutriment; and, finally, organs for 
Qg out this proper nutriment to the system, 
lication of structure, to this extent, \s vo^v- 
tfe; and, accordingly, with v^iOQ^txi^V^ 
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eap-vcBsele, with Wves, with diBtribative dncto, 
the pUnt is provided. Without a11 the parts of 
this apparatus it could not carry on its function : 
an; further coinplication would be useless. 

But, suppose a new and superior function to 
be added to the plant ; suppose it to be endowed 
with the power of locomotion, what would he the 
consegnence of communicating to it this higher 
power? Thht its former state of urn^^Vq -vQi>^ 



mvrmwmm tx vnKrLamt. 




e for the inienor (hnction. \f hy ? 
beckuee the exercise of the superior would inter- 
rapt the actioD of the inferior function. Nntrition 
by imbibition, and the exercise of locomotion, c*n 
not ^ on BimultuKously in the lune being. The 
plant is filed in the soil by ita roots ; and from 
this, its state of immobility, resolls this most im- 
portant consequence, that ila spongeohe are always 
in contact with its Ibod. 

But we may imagine a plant not fixed to the 
soil ; a plant so constituted as to be capable of 
morii^ fhtm place to place; such a plant would 
not be always in contact with its food, a,!!^ Xltvuc^- 
ibre, M it eierrised its lacvdty vS \ocon«tfmsa. V. 
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could not but interrupt or suspend its functioB of 
nutrition. In a being capable of carrying on these 
two functions simultaneously, the entire apparatus 
of the function of nutrition must then be modi- 
fied. Instead of having spongeobe fixed immov- 
ably in the earth, and spread out in a soil adapted 
to transmit to these organs nutrient matter in a 
state fitted for absorption, it must be provided with 
a reservoir for containing its food, in order that it 
may carry its aliment about with it in all its changes 
of place. And such is the modification uniformly 
found in all animals : an internal reservoir for 
containing its food is provided, perhaps, for every 
animal without exception. Even the simplest and 
minutest creatures with which the microscope has 
made us acquainted, the lowest tribes of the Infu- 
soria (fig. VI 11.) , the sentient, self-moving cellules, 



Fig. VIII. 





placed at the very bottom of the animal scale, pos- 
sess this modification of structure. For a long 
time it was conceived that these mioute and simple 
creatures were without distinction of parts, that 
they had no separate oi^ns for the reception and 
digestion of their food; thatt\ie;^ «\^«nt\KdL ^€\t 
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aliment through the porous tissue of which their 
body is composed ; that thus, instead of havmg a 
separate stomach, their entire hody is a stomach, 
and instead of having even as much as a separate 
organ for absorption, like the more perfect plant, 
the whole body might be considered as a single 
spongeole. 

But, by a simple and beautiful experiment, a 
German physiologist has shown the incorrectness 
nf this opinion, and has established the fact, that 
the distinction between the plant and the animal, 
here contended for, is found even at the very low- 
est point of the animal scale. Like other phy- 
siologists, conceiving that the difficulty of disco- 
vering the structure of the lower tribes of the 
animalculi might be owing to the transparency or 
the tissues of which they are composed, it struck 
Ehrenberg, that if he could feed them with coloured 
substances, he might obtain some insight into 
their organization. In his Arst endeavours to ac- 
complish this object he failed, for he omployed 
the pigments in ordinary use; but either the ani- 
mals would not touch aliment thus adulterated, or 
those that did so were instantly killed. It then 
occurred to him, that these colours are adulterated 
with lead and other substances, in all probability 
noxious to the little subjects of his experiment. 
" What I require," said he, " is some vegetable or 
animal colouring matter perfectly ipMt^." ^'t^Jwwx 
tried perfectly pure indigo and perieeXX'^ ^\a«^ <i«3t- 
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mine. Hii Buccess wu now complete : in a minute 
or two, after mixing with their food pure vegetable 
colouring matter, he obaerred in the interior of the 
body of these creatures minute spots of a definite 
figure, and of the colour of the pigment employed 
(fig. VIII. 1111). The form and magnitude of 
these apote were different in different tribes, but the 
same in the same individual, and even in the same 
species (fig- IX. 1 1, fig. X. 1 1). No other parts 
FiB- IX. 




of the body were tinged with the colour, thui^h 
the animals remained in the coloured fluid for days 
together. This was decisive. This physiologiBt 
Jxui now obtained an instrumenl ca'p&ble of re 
sealing to him the iuterior oij^aaiz&tion of *> <^ask 
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beings, the structure of which had heietofure 
en wholly unknown. On ap|ilying it to the 
)NAs Tbrho (fig.VlII.), the animated point, or 
lule, which ttacide at tlie bottom of the animal 
le, he discovered, in tlie pOBteiiot ^t^oti <A \\a 
f, MrersI coloured spots w\>\c^ toxytfJAMSifc "v 
u!bi(6g. VIII. 1111). IV^efcewwAi*; 
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tions and different forms of the stomach in differ- 
ent tribes of these creatures, are represented by the 
coloured portions (fig. VIII. 1, fig. IX. 1, fig. X. 
1), in which the currents of fluid flowing to their 
mouths are seen (fig. IX. 2, fig. X. 2). These ex- 
periments go far towards establishing the fact, 
that every animal, even the very lowest, has an ex- 
ternal mouth and an internal stomach, and that it 
takes its food by an act of volition. 

But if the proof of this must be admitted to be 
still imperfect with regard to the lowest tribes of 
animals, it is certain that, as we ascend in the 
scale of organization, the nutritive apparatus if 
uniformly arranged in this mode. Every animal of 
every class large enough to be distinctly visible, 
and the structure of which is not rendered inap- 
preciable by the transparency of its solids and 
fluids, is manifestly provided with a distinct inter- 
nal reservoir for containing its food. On the 
internal surface of this reservoir open the mouths 
of vessels, minute in size but countless in number, 
which absorb the food from the stomach. 

Fig. XI. shows these vessels opening on the inner 
surface of the stomach, the white points represent- 
ing their mouths, turgid with the food they have 
absorbed. Fig. XII. exhibits magnified views of 
the same vessels, the points representing their open 
mouths, and the lines the vessels themselves in 
co7)tmu&tion with their mouths. Fig. XIII. shows 
the appearance of the inner suiiace o^ \\v^ Vcv\ft%' 
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X)D after the animal has taken food ; tlie 
it white lines (1 111) representing theab- 
it vessels full of digested fuod, and the larger 
2 2 2 2) the trunks uf the ftbaoTbent vtsstlt 
d by the union of many of the smaller, 
m this account, it is clear that the ab- 
g vessels of the itomach perform an 
precisely anal(K^uB to iWt dt ftit ^y*^' 
of the root. WhiLt Xlte w)& \& \n "^ 
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plant, ttie stomacn is lo ine animai. i ne aoBorb 
ing vesKls diffuBed through the stomach, u lon{ 
as the atomach contains food, aie in exactly thi 
same condition as the ipongeoles of the root apreat 
out in the soil ; and the abBorbing veBBek of thi 
Btomach are bb much and as constantly in ConCac 
with the aliment, which it ie their ofBce to tab 
into the syBtem, bh the apongeoleB of the root 
Such, then, is the expedient adopted to render thi 
function of nutrition compatible with the functioi 
of locomotion. A reservoir of food is placed in th 
interior of the animal, provided with abaorben 
veiBeU which are always in contact with the ali 
nient. Tn this mode, contact with aliment ia no 
disturbed by continual change of p\ac« ■, ^iltit oi%i 
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nic process is not interrupted by the exennse of 
the animal function. 

But the more daborate organization which it is 
oecessary to impart to the apparatus of the inferior 
fbnctiony in consequence of the communication of 
t superior faculty, is not completed simply by the 
addition of this new organ, the stomach. Other 
oomplicatioiiB are indispensable; for if food be 
contained in an isolated organ, placed in the inte- 
rior of the body, means must be provided for con- 
feying the food into this organ ; hence the neces 
sity of an apparatus for deglutition. Moreover, 
the food having been conveyed to the stomach, 
and having undergone there the requisite changes, 
means must next be provided for conveying it from 
the stomach to the other parts of the body ; hence 
the necessity of an apparatus for the circulation. 
But food, however elaborately prepared by the 
stomach, is incapable of nourishing the body, until 
it has been submitted to the action of atmospheric 
air ; hence thi^ necessity of an additional appa- 
ratus, either fur conveying food to the air, or for 
transmitting air to the food, or for bringing both 
the food and the air into contact in the same 
organ. And, when structure after structure has 
been built up, in order to carry on this extended 
series of processes, the number of provisions re- 
quired is not even yet complete ; for of the most 
nutritious food the whole mass \s noX. traXTvNAs^\ 
and eren the whole of that poTlioii oi SX. ^Vv^ v^ 
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actually applied to the purpose of Hutrition, be- 
comes, after a time, worn out, and must be re- 
moved from the system ; hence the necessity of a 
further apparatus for excretion. 

That nutrition and locomotion may go on toge- 
ther, it is clear, then, that there must be provided 
a distinct apparatus for containing food, a distinct 
apparatus for deglutition, a distinct apparatus for 
circulation, a distinct apparatus for respiration, 
a distinct apparatus for excretion, and so on; 
and that, in this manner, the communication of a 
single function of a superior order renders a modi- 
fication not merely of one but of many inferior 
functions absolutely indispensable, in order to 
adjust the one to the other, and to enable them 
to act in harmony. 

But the necessary complication of structure 
does not stop even here ; for the communication of 
one function of a superior order imposes the ne- 
cessity of communicating still another. Locomo- 
tion cannot be exercised without perception ; sen- 
sation is indispensable to volition, and volition, of 
course, to voluntary motion. A being endowed 
with the power of moving from place to place, 
without possessing the power of perceiving exter- 
nal objects, must be speedily destroyed. The 
communication of sensation to a creature fixed 
immovably to a single spot, conscious of the ap- 
proach of bodies, but incapable of avoiding their 
contact, would be not only \i&e\e»« >o\xt i^xiJctfassQA^ 
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iAQce it would be to make a costly provision for 
the production of pain, and nothing else ; but the 
communication of locomotion without sensation 
would be as unwisely defective, as the former 
would be perniciously expensive ; since it would 
be to endow a being with a faculty, the exercise 
of which would be fatal to it for the want of a 
second faculty to guide the first. Nor could the 
possession of locomotion, without the further pos- 
session of sensation, be otherwise than fatal, for 
another reason. Consciousness is not necessary to 
nutrition as performed by the plant, but it is 
indispeiisable to nutrition as performed by the 
animal : for if the food of the animal be not always 
on the same spot with itself; if it be under the 
necessity of searching for it, and of conveying it, 
when found, into the interior of its body, it must, 
of course, possess the power of perceiring it when 
within it« reach, and of apprehending and appro- 
priating it by an act of volition, of none of which 
actions is it capable without the possession of sen- 
sation. Again, then, we see that, in order to 
secure harmonious action, function must be put in 
relation with function. In order to prevent jar 
ring and mutually-destructive action, function 
must be superadded to function, and throughout 
the animal creation the complication of structure, 
which is necessary for the accomplishment of these 
ends, is given without parsimony, but. -^^xWYWiX 
profusion : nothing is given which i^ woX. wifc^^A^ 
nothing is withheld which is xeqwireA, 
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4. As Yie ascend in the scale of organization, 
numerous functions being carried on, and nume- 
rous organs constructed for performing them, it is 
obyious that the range of each function must be 
proportionally extended ; the range necessarily in- 
creasing with the multiplication of organ and func- 
tion : and this is another cause of the unavoidable 
complication of structure. Slight consideration 
will suffice to show the necessary connexion be- 
tween an extended range of action and complica- 
tion of structure. Take, as an example, the organic 
function of respiration : respiration is the function 
by which air is brought into contact with food ; it 
is the completion of digestion. The sole end of 
all the apparatus that belongs to this function is 
to bring the air and the food into a certain d^ree 
of proximity. Now, when all the substances that 
enter into the composition of the body of an ani- 
mal are slight, delicate, and permeable to air (as 
in fig. XIV.), and when the body is always sur- 
rounded by air, air must at all times be in contact 
with the particular organ that contains the food, 
no less than with the general system to which the 
food is distributed. Tn this case, to construct a 
separate apparatus for containing air would be 
useless, because wherever food is, there air must 
be, since it constantly permeates every part of the 
body. 

When, on the other hand, the tissues are so firm 
and dense as to be impeTmea\Ae ; ^\ie.\i X^i«^ «xa 
^Ided into bulky and complex otgaiv*, wA^V«k 
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' Fig. XIV. 




these organs are placed in situations to which the 
external ur cannot reach, the construction of a 
separate apparatus for respiration is indispensahle. 
The respiratory apparatus consists either of organs 
for carrying air to the food, or of organs for car- 
rying food to the air. The one or the other is 
adopted, according to the nature of the body. If 
the size of the animal be small; if the tissues 
wbicb form the solid portion of its body be deli- 
cate in texture ; if, at the same time, the wants 
of its economy require that its food should be 
highly aerated (for there is the c\oft^«X coTiT^fciaatv 
between energy of function and perfect «Rt^^a«iv ^\ 
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the food), an apparatus of sufficient magnitude to 
aerate the food in a high degree would occupy 
the entire bulk of the body. In such a case, it is 
easier to carry air to the food than food to the air; 
it is better to make the entire body a respiratory 
organ, than to construct a respiratory organ dis- 
proportioned to the magnitude of the body. Air- 
tubes diiOfused through every part of the body, and 
opening on its external surface, would obvionily 
afibrd to every point of the system an easy acoeai 
of air. By an expedient of this kind the systoa 
might be highly a&rated, while the respiratorf 
apparatus would occupy but a comparatively small 
space ; the function might be performed on an ex- 
tended scale, while there would be no necessity for 
encumbering a minute body with a bulky organ. 
And this is the mode in which respiration is car- 
ried on in large tribes of creatures, whose body is 
small in size and delicate in texture, and the func- 
tions of whose economy are performed with energy 
(fig. XV.). 

But this contrivance will not do when the ani- 
mal is of large magnitude; when its body is 
divided into numerous compartments ; when these 
compartments extend far beneath the external 
surface ; when important organs are placed in 
deeply-seated cavities; and when the substances 
that compose the organs are dense, hard, thick, 
and convoluted. To construct avt-t\33a^^ of the 
iBquiaite diameter and leneth, a\wa^%ape.\i,iJ\:«««;^ 
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in a condibon to pcnnit the ingreBs and egress o 
an adequate current of sir to and from the remoteB 
nook and comer of a body such as this, would b< 
difficult, if not impossible. At all events, it ii 
easier, in such a case, to carry the food to tVte, %n 
than the air to the food. But, for the utcoTO^'^iv^ 
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ment of this purpose, what is necessary ? An organ 
for containing food ; an organ for containing air ; 
vessels to carry food to and from the receptacle of 
the aliment ; vessels to carry air to and from the 
receptacle of the air ; expedients to expose a stream 
of food to a current of air ; and, finally, tubes to 
carry out to the system the product of this compli- 
cated operation. Accordingly, a reservoir of food 
and a reservoir of air ; an apparatus by which both 
are conveyed to their respective receptacles; and an 
apparatus by which both are brought into contact 
sufficiently close to admit of their mutual action, 
are all combined in the lung of the animal, and in 
the mechanism by which its movements are effected. 
The object is accomplished, but the apparatus by 
which it is effected is as complex in structure a« 
it is efficient in action; the result simple; the 
means by which the result is secured, highly com- 
plicated. 

And if this be true of an inferior or organic 
function, it is still more strikingly true of a supe- 
rior or animal function. The relation is still 
stricter between the complexity of the apparatus 
of sensation and the range of feeling, than between 
the complexity of the apparatus of respiration and 
the range of the respiratory process. The greater 
the number of the senses, the greater the number 
of the organs of sense; the more accurate and 
varied the impressions conveyed by each, the more 
complex the structure of the iTi8lT>iTiveuV\!r3 viXiv^ 
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hey are GommiiDicatod; the more extended the 
ange of the intellectual operatuniB, the larger the 
oik of the bram, the greater the number of its 
ktmct parta, and the more exquisite their oigan- 
ntioii. From the pcnnt of the animal scale, at 
rhidi the hnia first becomes distinctly Tisible, 
p to man, the basis of the organ is the same ; 
■1^ aa the range of its function extends, part after 
art ia superadded, and the structure of each part 
Boomea progres a ivdy more and more complex, 
lie eridence of this, afforded by oomparati?e 
aatamy, ia iiresiatible, and the interest con- 
Mted with the study of it can scarcely be ex- 
Bsded. 

ft. In the last place^ structure ia complex in 
goportion to die energy of function. The greater 
m power with which voluntary motion is capable 

being exerted, the higher the organization of 
e apparatus by which it is performed ; the more 
mpact and dense the shell, the cartilage, the 
ne, the firmer the fibre of the muscle, and, in 
neral, the greater its comparative bulk. The 
ng of the eagle is as much more developed than 
B wing of the wren, as its flight is higher, and 

speed swifter. ' The muscles which give to the 
;er the rapidity and strength of its spring pos- 
IB a more intense organization than those which 
►wly move on the tardigrade sloth. The stnic- 
re of the brain of man is more exquisite tb&xv 
U of the ffab, as Mb perceptions are mc«tfe vcnsXa^ 
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and capable of greater combinatioii, comprehcn- 
8ioD, and continuity. 

Thus we see that the organization of the animal 
is more complex than that of the plant, not fipom 
an arbitrary disposition, but from absolute neces- 
sity. The few and simple functions performed by 
the plant require only the few and simple organs 
with which it is provided: the numerous and 
complicated functions performed by the animal 
require its numerous and complicated organs : the 
plant, simple as it is in structure, is destitute of 
no organ required by the nature of its economy ; 
the animal, complex as it is in structure, is in 
possession of no organ which it could dispense 
with : from the one, nothing is withheld which, is 
needed ; to the other, nothing is given which is su- 
perfluous : in the one, there is economy without 
niggardliness ; in the other, munificence without 
waste. 



CHAPTER II. 

wo distinct lives combined in the onimal-^haracten of 
the apparatus of the organic life — Characters of the 
apparatus of the animal life — Characteristic differences 
in the action of each— Progress of life— Progress of 
death* 

F the two sets of fuDCtioDs carried on by living 
iings, it has been shown, that the plant performs 
dy one, while the animal exercises both. The 
ro lives thus in continual play in the animal 
ffer from each other as much as the process of 
igetation differs from that of thought, yet they 
e united so closely, and act so harmoniously, 
at their existence as distinct states is not only 
»t apparent to ordinary observation, but the very 
scovery of the fact is of recent date, and forms 
le among the splendid triumphs of modem phy- 
)logy. Their action is perfect, yet their separate 
sntity is so distinctly preserved, that each has its 
m apparatus and its own action, which are not 
ly not the same, but, in many interesting cir- 
jnstances, are in striking contrast to each other. 
1. In general the organs that belong to the 
iparatus of the organic life aie ciw^t^^ ^nii ^nj^*^ 
nmetrlcal; the organs that "bdoiv^ V,o ^'^ ^^- 

\^1 
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paratus of the animal life are either double, or 
symmetrical, or both. As will be shown here- 
after, the heart, the lungs, the stomach, the 
intestines, the liver, the pancreas, the spleen, the 
instruments by which the most important functions 
of the organic life are carried on, are single organs. 
(Chap. 5.) The figure of each is more or less ir* 
regular, so that if a line were carried through their 
centre, it would not divide them into two equal 
and precisely corresponding portions. Qn the 
contrary, the organs of the animal life are sym- 
metrical. The brain and the spinal cord are 
divisible into two perfectly equal parts. (Chap; 
5.) The nerves which go off from these orgtns 
for the most part go off in pairs equal in size and 
similar in distribution. (Ibid.) The trunk, so 
important an instnunent of voluntary motion, 
when well formed, is divisible into two perfbcdy 
corresponding portions. (Ibid.) The muscular 
apparatus of one half of the body is the exact 
counterpart of that of the other; while the arms, 
the hands, and the lower extremities are not only 
double, but the oi^nization of the one is precisely 
similar to that of its fellow. 

2. In general, the apparatus of the organic life is 

placed in the interior of the body, while that of the 

animal life is placed on the external surface. The 

oi^nic organs are the instruments by which life is 

maintained. There is no acdtm of vci^ ota of them 

ihat can be suspended evenfof ^!^oit\«<^^^^QeoDft 
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without the mentaUe extmction of life. But the 
animal organs aie not lo much instmmenti of life 
as means by which a certain relation is established 
between the living being and extenud objects. And 
this difiEereuce in their office is the leasoD of the 
difference in their position. Existence depending 
on the action of the organic organs, they are placed 
in the interior of the body ; they are fixed firmly in 
their sitoation in order that they may not be dis- 
turbed by the movements of locomotion ; they are 
enveloped in membranes, covered by muscles, 
placed under the shelter of bones, and every possi- 
ble care is taken to secure them from accident and 
to shield them from violence. Existence not being 
immediately dependent on the action of the organs 
of the animal life, they do not need to be protected 
from the contact of external objects with extraor- 
dinary care, but it is necessary to the performance 
of their functions that they should be placed at the 
exterior of the body. And there they are placed, and 
so placed as to afford an effisctual defence to the 
organic organs. Thus the groundwork of the ani- 
mal is made the bulwark of the organic life. The 
nrascles, the immediate agents by which voluntary 
motion is effected, and the bones, the fixed points 
and the levers by which that motion acquires the 
nicest precision and the most prodigious rapidity 
and power, are so disposed that, while the latter ac- 
complish, in the most perfect maniier,t\vdc \iifvxfisr) 
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and essential office m relation to the muscles, they 
serve a secondary but scarcely less important office 
in relation to the internal viscera. As we advance 
in our subject, we shall see that a beautiful illus- 
tration of this is afforded in the structure and ac- 
tion of the trunk; that the trunk is moveable; that 
it is composed of powerful muscles, and of firm and 
compact bones ; and that while its movements are 
effected by the action of the muscles which are 
attached to the bones, these bones enclose a 
cavity, in which are placed the lungs, the heart, 
the great trunks of the venous system, the great 
trunks of the arterial system, and the main trunk 
of the thoracic duct, the vessel by which the 
digested aliment is carried into the blood. (Chap. 
5.) Thus, by these strong and firm bones, to- 
gether wit> 'he thick and powerful muscles that 
rest upon them, is formed a secure shelter for a 
main portion of the apparatus of the organic 
functions of respiration, circulation, and diges- 
tion. The bones and muscles of the thorax, 
themselves performing an important part in the 
function of respiration, afford to the lungs the 
chief oVgan of this function, composed of tender 
and delicate tissues, easily injured, and the 
slightest injury perilling life, a free and secure 
place to act in. The fragile part of the apparatus 
is defended by the osseous portion of it, the play 
of the latter being equally eeseutial to the function 
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9M that of tbe fonner. In like manner the Uailc-r 
mud ddkate salMtance of the bndn and spiiiui 
eoid, the oential seat of the animal life, with 
vhich all the aenaea are in intimate communion, 
k protected by bonea and muscles which perform 
important Toluntaty movements * while the organs 
of senae which put us in connexion with the exter- 
nal world, which render us susceptible of pleasure, 
and which give ua notice of the approach of objects 
capable of exciting pain, are placed where external 
bodies may be brought moat conveniently and com- 
pletely into contact with them ; and where alone 
they can be efficient as the sentinels of the system. 
For thia reason, with the exception of the sense of 
touch, which, though placed especially at the ex- 
tremitiea of the fingers, is also difiused over the 
whole external surface of the frame, all the sensei> 
hare their several seats in the head, the most ele- 
vated part of the body, of an ovoid figure, capabl'j 
of moving mdependently of the rest of the fabric, 
and which, being supported on a pivot, is enabled 
to describe at least two-thirds of a circle. 

Such is the difierence in the structure and posi- 
tion of the apparatus of the two lives, but the 
difference in their action is still more striking. 

1. The action of the apparatus of the organic 
life when sound is without consciousness; the 
object of the action of the apparatus of the animal 
life IB the production of consciousneeA. T\\& ^\n»\. 
cause of tbe action of the appaiatoa oi ^iSci& ^T^jssiv& 
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life is the maintenance of existence; the fim 
cause of the action of the apparatus of the an 
mal life is the production of conscious existene 
What purpose would he answered hy connec 
ing consciousness with the action of the organ 
organs? Were we sensible of the organic pn 
cesses ; did we know when the heart beats, ar 
the lung plays, and the stomach digests, and ti 
excretory organ excretes, the consciousness cou] 
not promote, but might disturb the due and order 
course of these processes. Moreover they woo] 
so occupy and engross oin: minds that we shon! 
have little inclination or time to attend to othi 
objects. Beneficently therefore are they plaa 
equally beyond our observation and centre 
Nevertheless, when our consciousness of tba 
processes may be of service ; when they are goii 
wrong ; when their too feeble or too intense actic 
is in danger of destroying existence, the anim 
life is m&de sensible of what is passing in t1 
organic, in order that the former may take ben 
ficial cognizance of the latter, may do what expei 
ence may have taught to be conducive to tl 
restoration of the diseased organ to a sound stat 
or avoid doing what may conduce to the increa 
or maintenance of its morbid condition. 

But while the action of the organic organs 
thus kept alike from our view and feeling, the so 
object of the action of the animal at^w» \* to ^ 
duce and maintain a itate of -vwnfcd wn^ cxXtiiS 



OB8AHIC AVD AmOUJL UTS. 51 



conacioiuiiCML We do not know wken the heut 
diktes to leeeWc tbe viUl canait, nor when it 
oootractB to propel it with renewed impetna 
through the system ; nor when the blood rushes 
to the hn^ to give out its useless snd noiious psr- 
tides; nor when the sir rushes to the blood 
to take up those psrticlcs» to icpboe them by 
others, snd thus to purify snd lenorste the vitsl 
fioid. Msny processes of this kind sre continuslly 
9Mng on within us during eveiy DMinent of our 
^ste^^f<S but we sie no more eonscious of them 
than we sre of the motion of the fluids in the blade 
of grass on which we tread. On the omtrsry 
when sn external object produces, in a sentient 
nenre, that change of stste which we denote by 
the words ** an impression ;" when the sentient 
nerve transmits this impression to the brain ; when 
the brain is thereby brou|^ into the stste of per- 
ception, the animal life is in sctire operation, snd 
peroipient or conscious existence tskes place. Con- 
adousness does not belong to the orgsnic, it if the 
animal life 

3. The fimctiona of the oiganic life are per- 
formed widi uninterrupted continuity ; to those of 
the animal life reat ia indiqienaaUe. The action 
ci the heart is unceasing ; it takes not and needs 
not rest. On it goes, for the space of eighty or 
mnety yeaia, at the rate of a hundred thousand 
strokes evca^ twenty-four houri, YiaNVni^ aX ^^^tar^ 
girokeMgreut reauUncfs to overcome,')^ Sx c.<cs(!i- 
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tinties this action for this kngth of time without in- 
tenaission. Alike incessant is the action of the 
lung, which is always receiving and always emitting 
air; and the action of the skin, which is always 
transpiring and always absorbing; and the action of 
the alimentary canal, which is always compensating 
the loss which the system is always sustaining. 

But of this continuity of action the organs and 
functions of the animal life are incapable. No 
voluntary muscle can maintain its action beyond a 
given time ; no effort of the will can keep it in a 
state of uninterrupted contraction; relaxation must 
alternate with contraction ; and even this alternate 
action cannot go on long without rest. No organ 
of sense can continue to receive impression after 
impression without fatigue. By protracted exer- 
tion the ear loses its sensibility to sound, the eye 
to light, the tongue to savour, and the touch to 
the qualities of bodies about which it is conversant. 
The brain cannot carry on its intellectual opera- 
tions with vigour beyond a certain period; the 
trains of ideas with which it works become, after 
a time, indistinct and confused ; nor is it capable 
of reacting with energy until it has remained in a 
state of rest proportioned to the duration of its pre 
ceding activity. 

And this rest is sleep. Sleep is the repose of the 
senses, the rest of the muscles, their support and 
sustenance. What food is to Xlie OT^nic^^ sleep is 
io the animal life, Nutritioxi cwa tio tbox^ %q w^ 
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without aliment, than sensation, thought, and 
motion without deep. 

But it is the animal life only that sleeps : death 
would be the consequence of the momentary slum- 
ber of the organic. If, when the brain betook 
itself to repose, the engine that moves the blood 
ceased to supply it with its vital fluid, never again 
would it awake. The animal life is active only 
during a portion of its existence ; the activity of 
the organic life is never for a moment suspended ; 
and in order to endow its organs with the power 
of continuing this uninterrupted action, they are 
rendered incapable of fatigue: fatigue, on the 
contrary, is inseparable from the action of the 
organs of the animal life; fatigue imposes the 
necessity of rest, rest is sleep, and sleep is reno- 
vation. 

3. Between all the functions of the organic life 
there is a close relation and dependence. Without 
the circulation there can be no secretion ; without 
secretion, no digestion; without digestion, no nutri- 
tion; without fiutrition, no new supply of circulat- 
ing matter, and so through the entire circle. But 
the functions of the animal life are not thus de- 
pendent on each other. One of the circle may be 
disordered without much disturbance of the rest ; and 
one may cease altogether, while another continues 
in vigorous action. Sensation may be lost, while 
motion continues; and the muacVe m«5 ^i'^xiXx^^x. 
though it cannot feel. One OTgDU o^ ^«wefc \fi>sk^ 
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sleep whik the rest are awake. One intellectual 
faculty may be in operation while others slumber. 
The muscle of volition may act, while there is no 
consciousness of will. Even the or^ns of the 
Toice and of precession may perform their office 
while the sensoriinn is deeply locked in sleep. 

4. The two lives are bom i^ different periods, 
and the one is in active operation before the other 
is even in existence. The first action observable 
in the ^nbryo is a minute pulsating point. It is 
the young heart propelling its infant stream. Be- 
fore brain, or nerve, or muscle can be distin- 
guished, the heart is in existence and in action ; 
that is, the apparatus of the organic function 
of the circulation is built up and is in opera- 
tion before there is any trace of an animal or- 
gan. Arteries and veins circulate blood, capiHaiy 
vessels receive the vital fluid, and out of it form 
brain and muscle, the organs of the animal, no 
less than tiie various substances that compose the 
organs of the organic life. The organic is not only 
anterior to the animal life, but it is by the action of 
the organic that existence is given to the animal life. 
The organic life is bom at the first moment of 
existence ; the animal life not until a period com- 
paratively distant ; the epoch emphatically called 
the period of birth, namely, the period when the 
new being is detached from its mother ; when it 

£r8t comes into contact witVi cxtem^l objects; 

when it cairies on all the iuticlioti* oi \\» ^siowsos^ 
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by itB own organs, and consequently enjoys inde- 
pendent existence. 

5. The functions of the organic life are perfect 
at once. The heart contracts as well, the arteries 
secrete as well, the respiratwy organs work as well 
the first moment they hegin to act as at any suh- 
seqnent period. They require no teaching from 
experience, and they profit nothing from its les- 
sons. On the contrary, the operations of the 
brain, and the actions of the voluntary muscles, 
feeble and uncertain at first, acquire strength 
by slow degrees, and attain their ultimate per- 
fection only at the adult age. How indistinct 
and confused the first sensations of the infant ! 
Before it acquire accuracy, precision, and truth, 
how immense the labour spent upon percep- 
tion! Sensations are succeeded by ideas; sen- 
sations and ideas coalesce with sensations and 
ideas; combinations thus formed suggest other 
combinations previously formed, and these a third, 
and the third a fourth, and so is constituted a 
continuous train of thought. But the infantile 
associations between sensation and sensation, be- 
tween idea and idea, and between sensations and 
ideas, are, to a certain extent, incorrect, and to a 
still greater extent inadequate ; and the miscon- 
ception necessarily resulting from this early imper- 
fection in the intellectual operations is capable of 
correctian only by subsequent and tciot^ ^'sXRxA't$>^ 
impregaioDs. During its ;vakmg\vwrnb^«L\«x^^^^ 
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lion of the time of the infant is spent in receiving 
impressions which come to it every instant from 
all directions, and which it stores up in its. little 
treasury ; but a large portion is also consumed in 
the far more serious and difficult business of dis- 
crimination and correction. Could any man, after 
having attained the age of manhood, reverse the 
order of the course through which he has passed; 
could he, with the power of observation, together 
with the experience that belong to manhood, re- 
trace with perfect exactness every step of his sen- 
tient existence, from the age of forty to the moment 
that the air first came into contact with his body 
at the moment of his leaving his maternal dwell- 
ing, among the truths he would learn, the most 
interesting, if not the most surprising, would be 
those which relate to the manner in which he 
dealt with his earliest impressions; with the mode 
in which he combined them, recalled them, laid 
them by for future use ; made his first general 
deduction ; observed what subsequent experience 
taught to be conformable, and what not conform- 
able, to this general inference; his emotions on 
detecting his first errors, and his contrasted feel- 
ings on discovering those comprehensive truths, 
the certainty of which became confirmed by every 
subsequent impression. Thus to live backwards 
would be, in fact, to go through the analysis of the 
intellectual combinations, and, coxv^fcc^^wtit^, to 
obtain a perfect insight into tYie coTwa^toJaaxvoH^^ 
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mind ; and among the curious results which would 
then become manifest, perhaps few would appear 
more surprising than the true action of the senses. 
The eye, when first impressed by light, does not 
perceive the objects that reflect it ; the ear, when 
first impressed by sound, does not distinguish the 
sonorous body. When the operation for cataract 
has been successfully performed in a person bom 
blind, the eye immediately becomes sensible to 
light, but the impression of light does not imme- 
diately give information relative to the properties of 
bodies. It is gradually, not instantaneously ; it is 
even by slow degrees that luminous objects are 
discerned with distinctness and accuracy. To 
see, to hear, to smell, to taste, to touch, are pro- 
cesses which appear to be performed instantane- 
ously, and which actually are performed with 
astonishing rapidity in a person who observes them 
in himself; but they were not alwap performed 
thus rapidly : they are processes acquired, busi- 
nesses learnt ; processes and businesses acquired 
and learnt, not without the cost of many efforts 
and much labour. But the senses afford merely 
the materials for the intellectual operations of me- 
mory, combination, comparison, discrimination, 
induction, operations the progress of which 
is so slow, that they acquire precision, energy, 
and comprehensiveness only after the culture of 
yean. 
And the same is true of the Tt\\iftc\t^ ol N^\^Avvft> 
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How many effcnrts are made before ibe power of 
distiuct articulation is acquired ! how many before 
the in&nt can stand ! how many before the child 
can walk ! The organic life is born perfect; the 
animal life becomes perfect only by servitude, and 
the aptitude which service gives. 

6. The organic life may exist after the animal life 
has perished. The animal life is extii^uished when 
sensation is abolished, and voluntary motion can 
be performed no more. But disease may abolish 
sensation and destroy the power of voluntary mo- 
tion, while circulation, respiration^ secretion, ex- 
«oretion, in a word, the entire circle of the organic 
functions continues to be performed. In a single 
instant apoplexy may reduce to drivelling fatuity 
the most exalted intellect, and render powerless 
and motionless muscles of gigantic strength; while 
the action oi the heart and the involuntary eon- 
tractions of the muscles may not only not be weak-* 
«ned, but may act with preternatural energy. 
In a single instant, apoplexy may even completely 
extinguish the animal life, and yet the organic may 
go on for hours, days, and even weeks ; while ca- 
talepsy, perhaps the most singular disease to which 
the human frame is subject, may wholly abolish 
sensation and volition, while it may impart to the 
voluntaory muscles the power of contracting with 
such unnatural energy and continuity, that the 
Aead, the trunks the limbs ma^ \>ecoinfc Ymxasw^.- 
adljr Bxed in whatever attitude thcj la&Ypva \.ci\sfe ^x 
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the moment the paroscyBm comes on. In this ex- 
traordinary condition of the nervous fystem, how- 
ever long the paroxysm last, and however complete 
the abolition of consciousness, the heart continues 
to beat, and the pulse to throb, and the lungs to 
respire, and all the organic organs to perform 
their ordinary functions. Dr. Jebb gives the fol- 
lowing description of the condition of a young 
lady wbo was the subject of this curious malady. 

^^ My patient was seized with an attack just as 
I was announced. At that moment she was em- 
ployed in netting; she was in the act of passing 
the needle through the mesh; in that position she 
became immoveably rigid, exhibiting, in a pleasing 
fonn, a figure of death-like sleep, beyond the 
power of art to imitate, or the imagination to con- 
ceive. Her forehead was serene, her features per- 
fectly composed. The paleness of her colour, and 
her breathing, which at a distance was scarcely 
perceptible, operated in rendering the similitude to 
marble more exact and striking. The position oi 
her fillers, bands, and arms was altered with diffi- 
culty, but preserved every form of fl^rare they 
acquired : nor were the muscles of the neck ex- 
empted from this law, her head maintaining every 
situation in whicb the hand could place it, as 
firmly as her limbs." 

In this condition of the system the senses were 
in a state of profound sleep ; ihe vo\\m\»r^ X£IK)A(^^^^ 
on the contrary f were in a state, oi ViicA^tiiiL «k>ol^^\ 
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but this action not being excited by volition, 

under its control, the patient remained as moti( 

less as she was insensible. The brain was ii 

state of temporary death ; the muscle in a state 

intense life. And the converse may happen : 

muscle may die, while the brain lives ; contr 

tility may be destroyed, while sensibility "is perfe 

the power of motion may be lost, while that 

sensation may remain unaffected. A case is 

record, which affords an illustration of this c( 

dition of the system. A woman had been for soi 

time confined to her bed, labouring under 8ev< 

indisposition. On a sudden she was deprived 

the power of moving a single muscle of the bod 

she attempted to speak, but she had no power 

articulate; she endeavoured to stretch out I 

hand, but her muscles refused to obey the coi 

mands of her will, yet her consciousness was pc 

feet, and she retained the complete possession 

•her intellectual faculties. She perceived that h 

attendants thought her dead, and was conscious 

the performance upon her own person of the se 

vices usually paid to the dead ; she was laid oi 

her toes were bound together, her chin was ti< 

up ; she heard the arrangements for her funei 

discussed, and yet she was unable to make i^ 

slightest sign that she was still in the possessic 

of sense, feeling, and life. 

In one form of disease, theiV) the animal lif 

IwlA the aenaitive and the motive ^ttkiCA ^\. 
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may perish.; and in another form of disease, either 
the one or the other part of it may be suspended, 
«rhi1e the organic life continues in full operation : 
it follows that the two lives, blended as they are, 
are distinct, since the one is capable of perishing 
without immediately and inevitably involving the 
destruction of the other. 

7. And, finally, as the organic life is the first 
bom, so it is the last to die ; while the animal 
life, as it is the latest bom, and the last to attain 
its full development, so it is the earliest to decline 
and the first to perish. In the process of natural 
death, the extinction of the animal is always ante- 
rior to that of the organic life. Real death is a 
later, and sometimes a much later event than ap- 
parent death. An animal appears to be dead when, 
t(^ther with the abolition of sensation and the loss 
of voluntary motion, respiration, circulation, and 
the rest of the organic functions can no longer be 
distinguished; but these functions go on some 
time after they have ceased to afford external indi- 
cations of their action. In man, and the warm- 
blooded animals in general, suspension or submer- 
sion extinguishes the animal life, at the latest, 
within the space of four minutes from the time that 
the atmospheric air is completely excluded from the 
lung ; but did the organic functions also cease at 
the same period, it would be impossible to restore 
ttn animal to life after apparent deaAib^xcL^T^'^K^- 
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ing and the like. But however complete and pn 
tracted the abolition of the animsd functions, n 
animation is always possible as long as the organ: 
organs are capable of being restored to their usw 
vigour. The cessation of the animal life is but tl 
first stage of death, from which recovery is po 
sible; death is complete only when the organ: 
together with the animal functions have whol 
ceased, and are incapable of being re-established. 

In man, the process of death is seldom altogethi 
naturaL It is generally rendered premature 1 
the operation of circumstances which destroy li 
otherwise than by that progressive and slow dea 
which is the inevitable result of the action of o 
ganized structure. Death, when natural, is t] 
last event of an extended series, of which the fii 
that is appreciable is a change in the animal li 
and in the noblest portion of that life. The high 
j&culties fail in the reverse order of their devdo 
ment; the retrogression is the inverse of the pr 
gression, and the noblest creature, in returning 
the state of non-existence, retraces step by st 
each successive stage by which it reached ^ 
summit of life. 

In the advancing series, the animal is supf 
added to the organic life; sensation, the low( 
faculty of the animal life, precedes ratiocinatic 
the highest The senses called into play at t 
moment of birth soon acquxie t]b& >\\xc^%\ ^^< 
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tion of whicli they are capable ; but the intellectual 
&cultie8y later devdoped, are still later perfected, 
and the higheit the latest. 

In the descending series, the animal life fails 
before the organic, and its nobler powers decay 
sooner and more rapidly than the subordinate. 
First of all, the impressions which the organs of 
sense convey to the brain become less numerous 
and distinct, and consequently the material on 
which the mind operates is less abundant and per- 
fect ; but at the same time, the power of working 
vigorously with the material it possesses more than 
proportionally diminishes. Memory fiuls ; analo- 
gous phenomena are less readily and less com- 
pletely recalled by the presence of those which 
should suggest the entire train ; the connecting 
links are dimly seen or wholly lost ; the train itself 
is less vivid and less coherent; train succeeds 
tndn with preternatural slowness, and the conse- 
quence of these growing imperfections is that, at 
last, induction becomes unsound just as it was in 
early youth; and for the same reason, namely, 
because there is not in the mental view an ade- 
quate range of individual phenomena; the only 
difiEerenoe being that the range comprehended in 
the view of the old man is too narrow, because 
that which he had learnt he has forgotten ; while 
in the youth it is too narrow, because that which 
it is neoeuary to learn has not been acc^i^. 

And with the diminution of inte\\eGJcoAV ^^^ 
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the senses continue progressiyely to fail : the eye 
grows more dim, the ear more dull, the sense of 
smell less delicate, the sense of touch less acute, 
while the sense of taste immediately suhservient to 
the organic function of nutrition is the last to 
diminish in intensity and correctness, and wholly 
fails hut with the extinction of the life it serves. 

But the senses are not the only servants of the 
hrain ; the voluntary muscles are so equally ; hut 
these n^inisters to the master-power, no longer kept 
in active service, the former no longer employed to 
convey new, varied, and vivid impressions, the 
latter no longer employed to execute the com* 
mands of new, varied, and intense desires, hecome 
successively feehler, slower, and more uncertain in 
their action. The hand tremhles, the step totters, 
and every movement is tardy and unsteady. And 
thus, hy the loss of one intellectual faculty after 
another, hy the ohliteration of sense after sense, 
hy the progressive failure of the power of volun- 
tary motion ; in a word, hy the declining energy 
and the ultimate extinction of the animal life, 
man, from the state of maturity, passes a second 
time through the stage of childhood hack to that 
of infancy ; lapses even into the condition of the 
emhryo t what the foetus was, the man of extreme 
old age is : when he h^an to exist, he possessed 
only organic life; and hefore he is ripe for the 
tomb, be returns to the condition oi VSaa ^VKKkt, 
And even this merely orgamc exoXeacfc vaiosl^x 
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1)6 long maintained. Slow may be the waste of 
tbe organic organs ; but they do waste, and that 
waste is not repaired, and consequently their func- 
tions languish, and no amount of stimulus is 
capable of invigorating their failing action. The 
arteries are rigid and cannot nourish; the veins 
are relaxed and cannot carry on the mass of blood 
that oppresses them ; the lungs, partly choked up 
hy the deposition of adventitious matter, and partly 
incapable of expanding and collapsing by reason of 
the feeble action of the respiratory apparatus, im- 
perfectly aerate the small quantity of blood that 
flows through them; the heart, deprived of its 
wonted nutriment and stimulus, is unable to con- 
tract with the energy requisite to propel the vital 
current; the various organs, no longer supplied 
with the quantity and quality of material necessary 
for carrying on their respective processes, cease 
to act ; the machinery stops, and this is death. 

And now the processes of life at an end, the body 
fidls within the dominion of the powers which pre- 
side universally over matter; the tie that linked all 
its parts together, holding them in union and keep- 
ing them in action, tn direct opposition to those 
powers dissolved, it feels and obeys the new attrac- 
1 ions to wbidi it has become subject ; particle after 
particle that stood in beautiful order fall from their 
place; the wonderful structures they composed 
melt awaj; the very substances of -^iViy^ \}cl^<«^ 
MtructarcB were built up are leaoWe^ m\o ^€\t 
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primitive elements; these elemenLts» set at liberty^ 
enter into new combinations, and beccMne consti- 
tuent parts of new beings ; those new beings in 
their turn perish; from their death springs life, 
and so the changes go on in an everlasting circle. 
As far as rdatcs to the organized structures in 
which life has its seat, and to the operations of 
life dependent on those structures^ such is its his- 
tory ; a history not merely curious^ but abounding 
with practical suggestions of the last importance. 
The usefulness of a familiar acquaintance with the 
phenomena which have now been elucidated will 
be apparent at every step as we proceed . 



CHAPTER III. 

Ultimate obj«ct of organisation, and life*— Sources of pU-a* 
suie— Special provision by w.hjch the organic orgauM 
influence consciousness and afford pleasure — Point at 
which the organic organs cease to affect consciousness, 
and why — ^The animal appetites : the senses : the intel- 
toctual faculties: the selfish and sympathetic affections , 
tht moral faculty — Pleasure the direct, the ordinary, and 
the gratuitous result of the action of the organs — Plea- 
sure conducive to the development of the organs, and to 
the continuance of their action — ^Progress of human 
knowledge— Progress of human happiness. 

The object of Btructure is the production of func- 
tion. Of thje two functioiiB combined in the living 
animal, one is wholly subservient to the other. 
To build up the apparatus of the animal life, an'd 
to maintain it in a condition fit for performing its 
functions^ is the sole object of the existence of the 
organic life. . What then is the object of the ani- 
mal life? That object, whatever it be, must be 
the ultimate end of organization, and of aJl the 
actions of which it is the seat and the instrument. 
Two functions, sensation and voluntary motion, 
are combined in the animal life. Of these two 
functions, the latter is suhservient to the former : 
Yoluntajy motion is the seiyant of ^exxaA^A^Tw^ ^^^^ 
exhta ojily to obey its commanda 

VOL. /. ^ 
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Is sengaHoa^ then, the ultimate object of organi- 
zation ? Simple genBation cannot be an ultimate 
object, because it is invariably attended with an 
ultimate result; for sensatiop:! is either pleasur- 
able or painful. Every sensation terminates in a 
pleasure or a pain. Pleasure or pain, the last 
event in the series, must then be the final end. 

Is the production of pain the ultimate object of 
organization ? That cannot be, for the production 
of pain is the indirect, not the direct, — the extraor- 
dinary, not the ordinary, result of the actions of 
life. It follows that pleasure must be the ultimate 
object, fbx there is no other of which it is possible 
to conceive. Tb^ end of organic existence is ani- 
mal existence ; the end of animal existence is sen- 
tient existence; the end of sentient existence is 
])lea8urable existence ; the end of Kfe therefore is 
enjoyment. Life commences with the organic 
processes ; to the organic are superadded the ani- 
mal ; the animal processes terminate in sensation ; 
sensation ends in enjoyment ; it follows, that enjoy- 
ment is the final end. For this every organ is con- 
structed ; to this every action of every organ is sub- 
servient; in this every action ultimately terminates 
And without a single exception in the entire 
range of the sentient creation, the higher th« 
organized structure the greater the enjoyment* 
mediately or immediately, to which it is subser- 
v/ent. From its most simple to \te Tcvo«>t complex 
itace^ every successive additioxi \« ^tTwc'toLT^^ \s^ 
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whicli function is rendered more derated and pcr- 
fiect, proportionally increases the exquisiteness of 
the pleasure to which the function ministers, and 
in which it terminates. 

Pleasure is the result of the action of living; or- 
gans, whether organic or animal ; pleasure is the 
direct, the ordinary, and the gratuitous result of 
the action of both sets of organs; the pleasure 
resulting from the action of the organs is conducive 
to their complete development, and thereby to the 
increase of their capacity for afibrding enjoyment ; 
the pleasure resulting from the action of the or- 
gans, and conducive to their development, is 
equally conducive to the perpetuation of their 
action, and consequently to the maintenance of 
life ; it follows not only that enjoyment is the end 
of life, but that it is the means by which life is 
prolonged. Of the truth of each of these propo- 
sitions, it will be interesting to contemplate the 
plenitude of the proof. 

1. In the first place, pleasure is the result of the 
action of the organic organs. It has indeed been 
shown that the very character by which the action 
of these organs is distinguished is that they are 
unattended with consciousness. Nevertheless, by 
a special provision, consciousness is indirectly 
connected with the processes of this class, limited 
in extent indeed, and uniformly terminating at a 
certain poin^ ; but the extent and. \^<& \YTo^\;^>wv:iiv 
alike coDducing to the pIea&\iTa\Aexie«& o^ \\» xi^- 
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ture. And this is an adjustmenit ki tlie constitu- 
tion of our frame which i». ireU deserviiig of atten- 
tion. 

Organic processes are dependent on a pescuMar 
influence derived from: that portion of the nervous 
system distinguished by the term organie. The 
organic nerves, distrihuted to the o^;ganic orgfffi6». 
take their origin and have their chief seat, in; the^ 
cavities that contain the main instrumemtSf of th& 
organic life, namely^ the chest and ahdosaeft (soq 
chap. V.)* As will be fuUy shown hereafter, 
these nerves encompass the great trunks of the 
blood-vessels that convey arterial, blood to the 
organic organs. In all its ramifications through 
an organic organ, an arterial vessel is aceompaamd 
by its organic nerve; so that wherever the capil- 
lary arterial branch goes, secreting or nourishing, 
there goes, inseparably united with it, an organic 
nerve, exciting and governing. 

Among the peculiarities of this portion o£ the 
nervous system, one of the most remarkable is, 
that it is wholly destitute of feeling. Sensibility 
is inseparably associated with the idea commonly 
formed of a nerve. But the nervous system con- 
sists of two portions, one presifding over sensation 
and voluntary motion, hence called the sentient 
and the motive poitions; the other destitute of 
sensation, but presiding over the organic processes, 
hence called the oi^anic postaou. If the commu- 
oicatioa between the orgaaic or^^bU vcA ^iW ^\- 



SPECIAL PROVISIOM. 77 

ganic nerve be interrupted, the function of the 
organ, whatever it he, is arrested. Without its 
oi^nic nerves, the stomach cannot secrete gastric 
juice ; the conseqiieace is, that the aliment is un- 
digested. Without its organic nerves, the liver 
cannot secrete bile , the consequence is, that the 
nutritive part of die aliment is incapable of being 
separated from its excrementitious portion. The 
organic organ receives from its organic nerve an 
influence, without which it cannot perform its 
function; but the nerve belonging to this class 
neither feels nor comimiE&icaaies feeling, and hence 
it imparts no consdoasness of the operation of any 
process dependent upon it. Yet there is not one 
of these processes that does not exert a most im- 
portant influence over cimsciousness. How ? By 
a special provision, as curious in its nature as it is 
important in its result. 

Branches of sentient nerves are transmitted from 
the animal 'to the organic system, and from the or- 
ganic to the animal ; and an intimate communica- 
tion is established between the two classes. The 
inspection of fig. XVI. will illustrate the mode in 
which this communication is effected . A B re- 
presents a portion of the spinal cord (one of the 
central masses of the sentient system), covered 
with its membranes. The part here represented 
is a front view of that portion of the spinal cord 
which belongs to the back, and^wlnicYi^a V^e^OMxvws^ 
called the dorsal portion. 
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1, 2, 3, 4| 5, 6» *lt 8| 9, the 8econd» &c. ribs witti 
the corresponding dorsal (sentient) nerves, a, ^, 
c, dj Cjfi g^ Ay going out to supply their respective 
organs with sensation. 

C D £, a portion of the main trunk of the 
oiganic (non-sendent) nerve, commonly called the 
Great Sympathetic. 

F G H, the membrane of the spinal cord cut 
open and exposing I Ky the spinal cord itself. 

Itf the anterior branch of one of the dorsal 
nerves, arising from the anterior surface of the 
spinal cord by several bundles of fibres. 

M, the posterior branch of the same nerve, 
arising in like manner from the posterior surface 
of the spinal cord by several branches of fibres. 

The anterior and posterior branches uniting to 
form one trunk N. 

Two branches, P Q, sent off from the spinal 
(sentient) trunk to unite with the organic (non- 
sentient) trunk. 

R S T U V W, other branches of the sentient, 
connected with the branches of the non-'sentient 
nervous trunks in the same mode. 

X Y, the main trunk of the sympathetic (non- 
sentient) nerve cut across and turned aside, in 
order that Iftie parts beneath it (P N) may be more 
distinctly seen. 

From' this description, it is apparent that each 
Bcatient nerve, before it goea out \a \)ev^ «:ea\sc9\ 
ojgaDB, to which it ig destined \a com\seos3L\c.^X.^ 
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sensation, sends off two branches to tbe ^tganic or 
the noti-sentient. These fientient nerves mix «nd 
mingle mth tthe insens^le nerves; «ux:ainimny 
them in their course to the organic 'Oi^ans, and 
ratnify with them throughout their mibstalice. It 
is manifest, then, that seMient nerves, tteit nerves 
not necessary to the organic processes, having, as 
far as is known, nothing whatever to do with those 
processes, enter «b constituent parts into the com^ 
position of the organic organs. What is the re- 
sult ? That organic organs are rendered sentient^ 
that organic processes, in their own nature insen«- 
sible, become capable of affecting conscioutfli^Bs. 
What follows? What is the consciousness exc- 
elled ? Not a consciousness of the organic pro^ 
cess. Of that we still remain wholly insensible. 
Not simple sensation. The residt uniformly pro^ 
duced, as long as the state <i( the ^stem is -that of 
health, is pleasurable consciousness. The heart 
sends out to the organs its vital current. Each 
organ, abstracting from the stream 1ihe particles it 
needs, converts them into the peculiar fiuid or solid 
it is its office to form. The stomach, from the 
arterial streamlets circulating through it, secretes 
gastric juice ; the Uver, from the venous streamlets 
circulating through it, secretes bile. When these 
digestive organs have duly prepared their respective 
fluids, they employ them in the elaboration of the 
aliment We are not conscious of \.Vi\% e^^b^Tatioai 
though it go on within us eveij taomci\\.\ \sv4X\^ 
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consciousnets not affected by the proceBs ? Most 
materially. Why ? Because sentient mingle \vith 
organic nerves; because the sentient nerves are 
impressed by the actions of the organic organs. 
And how impressed ? As long as the actions of 
the organic organs are sound, that is, as long as 
their processes are duly performed, the impression 
communicated to the sentient nerves is in its na- 
ture agreeable; is, in fact, the plbasurablb 

CONSCIOUSNESS WHICH CONSTITUTES THE FEELING 

OF HEALTH. The State of health is nothing but 
the result of the due performance of the organic 
organs : it follows that the feeling of health, the 
feeling which is ranked by every one among the 
most pleasurable of existence, is the result of the 
action of organs of whose direct operations we are 
nnconscious. But the pleasurable consciousness 
thus indirectly excited is really the consequence of 
a iqpecial provision, established for the express 
purpose of producing pleasure. Processes, in their 
own nature insensible, are rendered sentient ex- 
pressly for this purpose, that, over and above the 
special object they serve, they may afford enjoy- 
ment. In this case, the production of pleasure 
is not only altogether gratuitous, not only c(»n- 
municated for its own sake, not only rested in as 
an ultimate object, but it is made to commence at 
the very confines of life; it is interwoven with 
the thread of existence ; it i« secxneA. Vn vsA \s^ 
the acthuB that build up and. I^bat. «ir^r^t\. ^^v^ 
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very frame-work, the material instrument of our 
being. 

But if tlie communication of sensibility to pro- 
cesses in their own nature incapable of exciting 
feeling, for the purpose of converting them into 
sources of pleasurable consciousness, indicate an 
express provision for the production of enjoyment, 
that provision is no less exemplified in the point at 
which this sux)ei^dded sensibility is made to cease. 

Some of the consequences of a direct commu- 
nication of consciousness to an organic process 
have been already adverted to. Had the eye, be- 
sides transmitting rays of light to the optic nerve, 
been rendered sensible of the successive passage of 
each ray through its substance, the impression ex- 
cited by luminous bodies, which is indispensable to 
vision, the ultimate object of the instrument, if 
not wholly lost, must necessarily have become ob- 
scure, in direct proportion to the acuteness of this 
sensibility. The hand of the musician could 
scarcely have executed its varied and rapid move- 
ments upon his instrument, had his mind oeen 
occupied at one and the same instant with the 
process of muscular contraction in the finger, and 
the idea of music in the brain. Had the commu- 
nication of such a twofold consciousness been pos- 
sible, in no respect would it have been beneficial, 
in many it would have been highly pernicious; 
and the least of tht evils resullini^ fcom it would 
hare been, that the inferior wouV^ \\w^ SxL\«t- 
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rupted the superior ikculty, and the means dete- 
riorated the end. But in some cases the evil 
would have heen of a much more serious nature. 
Had we heen rendered sensible of the flow of the 
vital current through the engine that propels it ; 
were the distension of the delicate valves that 
direct the current ever present to our view; by 
some inward feeling were we reminded, minute by 
minute, of the progress of the aliment through the 
digestive apparatus, and were the mysterious opera- 
tions of the organic nerves palpable to sight, the 
terror of the maniac, who conceived that his body 
was composed of unannealed glass, would be the 
ordinary feeling of life. Every movement would 
be a matter of anxious deliberation ; and the ap- 
proach of every body to our own would fill us with 
dismay. But adjusted as our consciousness ac- 
tually is, invariably the point at which the organic 
process begins is that at which sensation ends. 
Had sensation been extended beyond this point, it 
would have been productive of pain : at this point 
it uniformly stops. Nevertheless, by the indirect 
connexion of sensation with the organic processes, 
a vast amount of pleasure might be created : a 
special apparatus is constructed for the express 
purpose of establishing the communication. There 
is thus the twofold proof, the positive and the ne- 
gative, the evidence arising as well from what they 
do^ as from what they abstaiii from iSioViv^^ ^^\. ^^ 
organic processea are, and we m\«tAe^ \^ \sfc^ 
sources of enjoyment. 
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But the production of pleasure, c<Hnmeneiiig at 
tins the lowest point of conscipus existence, in- 
creases with the progressive advancement of or- 
ganization and function. 

The appetite for food, and the voluntary actions 
dependent upon it, may he considered as the first 
advancement heyond a process purely organic. 
The function hy which new matter is introduced 
into the system and converted into nutriment, is 
partly an animal and partly an organic operation. 
The animal part of it consists of the sensations of 
hunger and thirst, hy which we are taught when 
the wants of the system require a fresh supply of 
aliment, together with the voluntary actions hy 
which the aliment is introduced into the system. 
The organic part of the function consists of the 
changes which the aliment undergoes after its in- 
troduction into the system, hy which it is convoted 
into nutriment Sensations always of a pleasur- 
able nature arise indirectly in the manner already 
explained, from the due performance of the oiganic 
part of the function ; hut pleasure is also directly 
produced by the performance of the animal part of 
it. Wholesome food is grateful ; the satisfaction 
of the appetite for food is pleasurable. Food is 
necessary to the support of life ; but it is not indis- 
pensable to the maintenance of life that food should 
be agreeable. Appetite there must be, that food 
may he eaten; but the act of e«t.tvn^ mi^ht have 
^beea secured without connectwi]g \X m\^ ^^»a\a^ 
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Heafiure, however, is connected with it, first di- 
rectly, by the gyatefuhieas of food, and secondly 
indirectly, by the due digestion of the food. And 
the annexation of pleasure in this twofold mode 
to the performance of the function of nutrition is 
another case of the gratuitous bestowment of plea- 
sure ; uiother instance in which pleasure is com- 
municated for its own sake, and rested in as an 
ultimate object. Pleasures of this class are some- 
times called low; they are comparatively low; but 
they are not the less pleas\ires, because they are 
exceeded in value by pleasures of a nobler nature. 
Man may regard them with comparative indiffer- 
ence, because he is endowed vrith faculties which 
afibrd him gratifications superior in kind and larger 
in amount ; but it is no mark of wisdom to despise 
and neglect even these : for they are annexed to 
the exercise of a function which is the first to exalt 
us above a merely organic existence ; they are the 
first pleasures of which, considered merely as sen- 
'tient creatures, we are susceptible ; they amount 
in the a^;regate to an immense sum ; and they 
mark the depth in our nature in which are laid the 
fountains of enjoyment. 

Organs of sense, intellectual faculties, social 
affections, moral powers, are superadded endow- 
ments of a successively higher order : at the same 
time, they are the instruments of enjoyment of a 
nature progressively more and mox^ ^sjo^'^Njt, 
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An organ of sense is an instrument composed of a 
peculiar arrangement of organized matter, by which 
it is adapted to receive from specific agents definite 
impressions. Between the agent that produces and 
the organ that receives the impression, the adapta- 
tion is such, that the result of their mutual action 
is, in the first place, the production of sensiition, 
and, in the second place, the production of pleasure. 
The pleasure is as much the result as the sensa- 
tion. This is true of the eye in seeing, the ear in 
hearing, the hand in touching, the organ of smell 
in smelling, and the tongue in tasting. Pleasure 
is hnked with the sense, but there might have 
been the sense without the pleasure. A slight dif- 
ference in the construction of the organ, or in the 
intensity of the agent, would not merely have 
changed, it would even have reversed the result; 
would have rendered the habitual condition of the 
eye, tho ear, the skin, not such as it now is in 
health, but such as it is in the state of inflamma- 
tion. But the adjustment is such as habitually to 
secure that condition of the system in which every 
action that excites sensation produces pleasure aft 
its ordinary concomitant; and the amount of en- 
joyment which is thus secured to every man, and 
which every man without exception actually expe- 
riences in the ordinary course of an ordinary life, 
it would be beyond his power to estimate were he 
alwajrs sensible of ihe boon; but the calculation is 
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altogether impotsible, when, as is generally the 
case, he merely enjoys without ever thinking of the 
provisions which enable him to do so. 

But if the pleasures that arise from the ordinary 
operations of sense form, in the aggregate, an incal- 
culable sum, how great is the accession brought to 
thia stock by the endowments next in order in the 
ascending scale, namely, the intellectual faculties ! 

There is one effect resulting from the operation of 
the intellectual faculties on the senses that deserves 
particular attention. The higher faculties elevate 
the subordinate in such a manner as to make them 
altogether new endowments. In illustration of 
this, it will suffice to notice the change wrought, 
as if in the very nature of sensation, the moment it 
becomes combined with an intellectual operation, 
as exemplified in the difference between the intel- 
lectual conception of beauty, and the mere percep- 
tion of sense. The grouping of the hills that bound 
that magnificent valley which I behold at this mo- 
ment spread out before my view ; the shadow of 
the trees at the base of some of them, stretching 
its deep and varied outline up the sides of others ; 
the glancing light now brightening a hundred dif* 
ferent hues of green on the broad meadows, and 
now dancing on the upland fiiUows; the ever- 
moving, ever-changing clouds; the scented air; 
the song of birds; the still more touching music 
which the breeze awakens in the &caxcc\^ tK.\£\^\:c\% 
branches of those pine txeeB, — ^ftve AexwevvV's^ ^^ 
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which this scene is compoeedt the mere objects of 
sense, the sun, the skj, the air, the hills^ the 
woods, and the sounds poured out from them, im- 
press the senses of the animals that graze in the 
midst of them; but on their senses they fall dull 
and without effect, exciting no perception of their 
loveliness, and giving no taste of the pleasures they 
are capable of affording. Nor even in the human 
being, whose intellectual faculties have been uncul- 
tivated, do they awaken either emotions or ideas ; 
the clown sees them, hears them, feels them no 
more than the herds he tends : yet in him whose 
mind has been cultivated and unfolded, how nu- 
merous and varied the impressions, how manifold 
the combinations, how exquisite the pleasmres pro- 
duced by objects such as these ! 

And from the more purely intellectual opera- 
tions, from memory, comparison, analysis, combi- 
nation, classification, induction, how still nobler 
the pleasure ! Not to speak of the happiness of 
him who, by his study of natural phenomena, at 
length arrived at the stupendous discovery that the 
earth and all the stars of the firmament move, and 
that the feather falls to the ground, by the opera- 
tion of one and the same physical law; nor of the 
happiness of him who sent his kite into the cloud, 
and brought down from its quiet bed the lightning 
which he suspected was slumbering there; nor o 
the happiness of him wbo concentrsXftd, dlxected 
Mnd controlled that mifthtv po^ex ^\vV^ \aa « 
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abled the fe€tSk, h^nA df ^iftfn to Accomplish works 
greater than have becfn feigned of fabled giant^ 
wUch has aimihilated ^stance; created, by econo- 
ndzing thne; cfhaingfed ill the «hoit space in which 
it has been in^yperatio^ the surface of the habitable 
globe; and is destined ^to work tipon it more and 
grea;ter changes than have been effected by all 
odier causes cbmbitied; nor of the happiness of 
him who devoted -b. longer life with equal success 
to a nobler labour, that of urariko the fabric 

OP FEnLZClTT BT THE HAND OF REASON AND OF LAW. 

The intellectual pleasiuses of such men as Newton, 
frabklin, Watt, and Bentham, can be equalled 
onlyl)y t^ose^ho possess '«qual intellectual power, 
iuid ¥4io put forth equal intellectual energy : to be 
greatly happy i^they were, it were necessary to be 
Its bighly endowed ; but to be happy, it is not ne- 
cessfetry to be so endowed. In the ordinary intel- 
let^al operations of ordinary men, in their ordinary 
eciJupflHions, l^iere is happiness. Every himiati 
being whose moments have passed with winged 
speed, whose day has been 'short, whose year is 
gonie alniost as soon as it seemed commenced, has 
derived from the exercise of his intellectual facul- 
ties pletasia'os countless in number and inestimable 
in value. 

But the 'sympathetic pleasures, out of which 
grow the social, are of a still higher order even thaai 
the intellectual. The pleasures thsX i^wXl ^^\cs. 
tbe actum of the organic organs, itom^^ e«ac»fc 
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of the several senses, and from the operation of the 
intellectual faculties, like the sensations in which 
they arise, helong exclusively to the individual heing 
that experiences them, and cannot be communi- 
cated to another. Similar sensations and pleasures 
may be felt by beings similarly constituted; but 
the actual sensations and pleasures afforded by the 
exercise of a person's own organs and faculties are 
no more capable of becoming another's than his 
existence. These, then, are strictly the selfish 
pleasures ; and the provision that has been made 
for securing them has been shown. 

But there are pleasures of another class, plea- 
sures having no relation whatever to a person's 
own sensation or happiness; pleasures springing 
from the perception of the enjoyment of others. 
The sight of pleasure not its own affects the human 
heart, provided its state of feeling be natural and 
sound, just as it would be affected were it its own. 
Not more real is the pleasure arising from the gra- 
tification of appetite, the exercise of sense, and the 
operation of intellect, than that arising from the 
consciousness that another sentient being is happy. 
Pleasures of this class are called sympathetic, in 
contradistinction to those of the former class, whicl? 
are termed selfish. 

There are then two principles In continual opera 
tion in the human being, the selfish and the syn 
pathetic The selfish is productive of pleasure of 
certain kind : the sympaibetic v& \ti^\ic>iN^ oil ^< 
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sure of another kind. The selfish is primary and 
essential ; the sympathetic, arising out of the selfish, 
is superadded to it. And so precisely what the ani- 
mal life is to the organic, the sympathetic principle 
is to the selfish ; and just what the organic life gains 
hy its union with the animal, the mental constitu- 
tion gains hy the addition of the sympathetic to the 
selfish affection. The analogy hetween the com- 
hination in hoth cases is in every respect complete. 
As the organic life produces and sustains the ani- 
mal, 80 the sympathetic principle is produced and 
sustained by the selfish. As the organic life is 
conservative of the entire organization of the body, 
so the selfish principle is conservative of the entire 
being. As the animal life is superadded to the 
organic, extending, exalting, and perfecting it, so 
the sympathetic principle is superadded to the self- 
ish, equally extending, exalting, and perfecting it. 
The animal life is nobler than the organic, whence 
the organic is subservient to the animal ; but there 
is not only no opposition, hostility, or antagonism 
between them, but the strictest possible con- 
nexion, dependence, and subservience. The sym- 
pathetic principle is nobler than the selfish, whence 
the selfish is subservient to the sympathetic ; but 
there is not only no opposition, hostility, or anta- 
gonism between them, but the strictest possible 
connexion, dependence, and subservience. What- 
ever is conducive to the perfecUon of x1a& qt^^s^^^ 
18 equally conducive to the perfec^ouot\>CL<^wxaa5ii 
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Mfe ; -and whatever is conducive to Use tittanunent 
of lihe trae etid of the ^Msb is -equdly ccmdacive 
to the fiCttamment of the tme end of the -sjiVHpa- 
tbetic principle. The perfection off iJie animal lift 
amndt be promoted nt the expense of the oi^gaaic, 
nor that of the organic at the expense of lAie -ani- 
mal ; neither can the nltimate end of the selfish 
prhrciple be secured by the sacrifice of the sympa^ 
thetic, nor that of the sympathetic by the sacr^ce 
of the selfish. Any attempt to exalt the «nimal 
life beyond what is compatible with the healthy 
litate of the organic, instead of accomplishing l^ittt 
end, only produces bodily -disease. Any attempt 
to extend the selfish principle beyond what is com^ 
patible with the perfection of lihe sympathetic, or 
the sympathetic beyond whaft is -compatible with 
the perfection of l!he selfish, instead of accomplish- 
ing the end in yiew, only produces mental disease. 
Opposing and jarring actions, antagonizing and 
mutually destructive powers, are combined in no 
other work of nature ; and it would be wonderful 
indeed were the only instance of it found in man, 
the noblest -of her works, and in the mind of man 
the noblest part of her noblest work. 

No one supposes that there is any such inha? 
monious combination in the organization of 1? 
physical frame, and the notion that it exists in 1 
meiftal constitution, as it is founded in the grosp 
Ignorance, so ft is productive of vncsAculable n 
chief. In both, indeed, aie mwafesN. Vnii • 
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powers, each distinct;, each having its own peculiar 
operation; aad the one heisg subservient to the 
other, hut hoth conducing alike to one common end. 
By the addition of the apparatus of the animal to 
that of the organic life^a nobler structure is built up 
than could have been framed by the organic alone : 
by the addition of the sympathetic to the selfish part 
of the mental coxxstitution, a happier being is formed 
than could have been produeed by the selfish alone. 
Ajad as the organic might have existed without the 
animal life, but by the addition of the animal a 
new and superior being is formed, so might the 
selfish part of the mental constitution, and the 
pleasures that flow from ib, have existed alone; 
but hy the addition of the sympathetic, a sum is 
added to enjoyment, of the amount of which some 
conception may be formed by considering what hu- 
man life would be, with every selfish appetite and 
faculty gratified in the fullest conceivable degree, 
but without any admixture whatever of sympathetic 
or social pleasure. Selfish enjoyment is not com* 
mon. If any one set himself to examine what at 
first view might seem a purely selfish pleasure, he 
will soon be sensible that, of the elements com- 
posing any given state of mind to which he would 
be willing to affix the term pleasurable, a vast pre- 
ponderance consists of sympathetic associations. 
The more accurately he examine, and the farther 
he cany his analysis, the strongtt ^*\\V V^^twwi. 
bis canvicdoD, that a purely seV^sVi eir^^me.\iV^\NMbX 
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is, a truly pleasurable state of mind, in no degree* 
mediately or immediately, connected with the 
pleasurable state of another mind, is exceedingly 
rare. 

But if the constitution of human nature and 
the structure of human society alike render it 
difficult for the human heart to be affected with a 
pleasure in no degree derived from — absolutely and 
totally unconnected with sympathetic association, 
of that complex pleasure which arises out of social 
intercourse, partly selfish and partly sympathetic, 
how far sweeter the sympathetic than the selfish 
part ; and as the sympathetic preponderates over 
the selfish, how vast the increase of the pleasure ! 
And when matured, exalted into affection — affec- 
tion, that holy emotion which exerts a transforming 
influence over the selfish part of human nature, 
turning it into the sympathetic ; affection, which 
renders the happiness of the beloved object inex- 
pressibly dearer to the heart than its own ; affec- 
tion, among the benignant feelings of which as 
there is none sweeter so there is none stronger 
than that of self-devotion, nay, sometimes even of 
self-sacrifice ; affection, which is sympathy pure, 
concentrated, intense — Oh how beautiful is the 
constitution of this part of our nature, by which 
the most transporting pleasures the heart receives 
are the direct reflection of those it gives ' 
Nor ought it to be overlooked, iXi^lI^ -^ilvile nearly 
all the selfish, like all the senwia\^\^%»>w^"«^»<»2K»sjX 
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be increased beyond a fixed limit, cannot be pro- 
tracted beyond a given time, are short-lived in pro- 
portion as they are intense, and satiate the appetite 
they gratify, the sympathetic pleasm'es are capable 
of indefinite augmentation; are absolutely inex- 
haustible ; no limit can be set to their number, 
and no bound to their growth; they excite the 
appetite they gratify ; they multiply with and by 
participation, and the more is taken firom the foun- 
tain from which they flow, the deeper, the broader, 
and the fuller the fountain itself becomes. 

But not only is the mental state of affection in 
all its forms and degrees highly pleasurable, but 
the very consciousness of being the object of affec- 
tion is another pleasure perfectly distinct from that 
arising immediately from the affection itself. It 
has been said of charity, that it is twice blessed, 
that it blesses alike him that gives and him that 
receives ; but love has in it a threefold blessing : 
first, in the mental state itself; secondly, in the 
like mental state which the manifestation of it pro- 
duces in another ; and thirdly, in the mental state 
inseparable from the consciousness of being the 
object of affection. And this reflex happiness, 
this happiness arising from the consciousness of 
being the object, is even sweeter than any con- 
nected with being the subject of affection. 

In like manner there is pleasure in the perform- 
ance of beneficent actions; in eTieT^e\\c,c«t«\."w\\.^ 
and therefore ultimately succe&fifuV exexXXsyoa \a 
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advanjce the great interests of human kind, in t 
in science, in philosopbyi^ iu education, in mors 
in legislation, in govexnnient; whetb.ei: those ei^ 
tions are put forth in the study, the school, 1 
senate, or any less ohserved though perhaps : 
less- arduous nor less important field of laho 
Exertions of this kind heget in those for whom, 
wards those hy whom, they are made, henigni 
feelings — respect, veneration, gratitude, love. W 
such feelings the philQ9opher, the instructor, < 
legislator, the statesman, the philanthropist,, knc 
that he is, (HT that, sooner or later, he will he 
gaiKled by his, fellow men ;, ond in this conscio 
ness there is happiness ;. hut this is another sou 
of happiness perfectly distinct from that aris 
fvom the performance of beneficent actions ; 1 
a new happiiwess superadded to the former, ai^d 
possible, still more exquisite. Thus manifold is 
beneficent operation of the sympathetic affecti< 
thus admirable is. the provision made in the com 
tution of our nature for the excitement and ext 
sion of this affection, and) through its instrum 
tahty, for the multiplication and exaltation 
eniojrment ! 

In affections and actions of the class just refer 

to, and in the pleasures that result from thi 

there is much of the nature which is commo 

termed moral. And the power to which the m< 

affections and actions are referred is usually \ 

juBtly considered as the supieiixfe i«LCvi\v^ ^l 
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mind; for it is the regulator and guide of all the 
others; it is that by which they attain their pTr)})cr 
and ultimate object. Of whatever pleasure human 
nature is capable in sensation, in idea, in a])petite, 
in passion, in emotion, in affection, in action; 
whatever is productive of real pleasure, in contra- 
distinction to what only cheats with the false hope 
of pleasure; whatever is productive of pure plea- 
sure, in contradistinction to what is productive 
partly of pleasure and partly of pain, and conse- 
quently productive not of pure, but of mixed plea- 
sure ; whatever is productive of a great degree of 
pleasure in contradistinction to what is productive 
of a small degree of pleasure ; whatever is produc- 
tive of lasting pleasure, in contradistinction to 
what is productive of temporary pleasure; what- 
ever is productive of ultimate pleasure, in contra- 
distinction to what is productive of immediate 
pleasure, but ultimate pain ; this greatest and most 
perfect pleasure it is the part of the moral faculty 
to discover. In the d^ee in which the operation 
of this faculty is correct and complete, it enables 
the human being to derive from every faculty of 
his nature the greatest, the purest, the most en- 
during pleasure ; that is, the maximum of felicity. 
This is the proper scope and aim of the moral 
faculty; to this its right exercise is uniformly con- 
ducive; and this, as it is better cultivated and 
directed. It will accomplish in a \\\^et ^'t^^^^ *^cl 
a continual progression, to whidi xio\\TKv\. c.^\^\« 

VOL, /. Y 
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assigned. But if the operation of this fitculty 
to render every other in the highest degree co 
ducive to happiness, conformity to the coarse 
conduct required by it, must of course be Hk 
highest happiness. Conformity to the course 
conduct pointed out by the moral faculty as cc 
ducive in the highest d^ee to happiness is moi 
excellence, or, in the definite and exact sense 
the word, virtue. And in this sense it is that v 
tue is happiness. It is because it discriminates t 
true sources of happiness, that is, directs ey< 
other faculty into its proper course, and guides 
in that course to the attainment of its ultimate c 
ject, that the moral faculty is ranked as the highi 
faculty of the mind. Supposing the operation 
this faculty to be perfect, it is but an identii 
expression to say, that to follow its guidance h 
plicitly is to follow the road that leads to the mi 
perfect happiness. But, over and above the hs 
piness thus directly and necessarily resulting fr( 
yielding imiform and implicit obedience to t 
moral faculty, there is, in the very consciousness 
such conformity, a new happiness, as pure as it 
exalted. Thus, in a twofold manner, is the mo: 
the highest faculty of the mind, the source of 
highest happiness ; and thus manifest it is, frc 
every view that can be taken of the constitution 
human nature, that every faculty with which it 
endowed, from the highest to \3aft lowest, not oi 
ojffbrds its own proper aixd peco^Mx i^e»a\wft^ 
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that each, as it ancoeasively rifles in the scale, is 
proportionately the source of a nohler kind, and a 
larger amount of enjoyment. 

And the pleasure a£forded hy the various facul- 
ties with which the human heing is endowed is the 
immediate and direct result of their exercise. 
With the exception of the organic organs, and the 
reason for the exception in regard to them has been 
assigned, the action of the organs is directly plea- 
surable. From the exercise of the organs of sense, 
from the operation of the intellectual faculties, 
from appetite, passion, and affection, pleasure 
flows as directly as the object for which the instru* 
ment is expressly framed. 

And pleasure is the ordinary result of the action 
of the organs ; pain is sometimes the result, but it 
is the extraordinary not the ordinary result. What- 
ever may be the degree of pain occasionally pro- 
duced, or however protracted its duration, yet it is 
never the natiu^ that is, the usual or permanent 
state, either of a single organ, or of an apparatus, 
. or of the system. The usual, the permanent, the 
natural condition of each organ, and of the entire 
system, is pleasurable. Abstracting, therefore, 
£rom the aggr^te amount of pleasure, the aggre- 
gate amount of pain, the balance in favour of plea- 
sure is immense. This is true of the ordinary 
experience of ordinary men, even taking their phy- 
aical and mental states such as they at&atY^^<&€^\.% 
bat the ordinary physical and iuenta\ «»V.«A.^'%^ c.qtv- 
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ftidered as sources of pleasure of every human being, 
might be prodigiously improved ; and some attempt 
'will be made, in a subsequent part of this work, to 
show in what manner and to what extent. 

It has been already stated that there are cases 
in which pleasure is manifestly given for its own 
sake ; in which it is rested in as an ultimate ob - 
ject : but the converse is never found : in no case 
is the excitement of pain gratuitous. Among all 
the examples of secretion, there is no instance of a 
fluid, the object of which is to irritate and inflame : 
among all the actions of the economy, there is 
none, the object of which is the production of pain. 

Moreover, all such action of the organs, as is 
'productive of pleasure, is conducive to their com- 
plete development, and consequently to the in- 
crease of their capacity for producing pleasure ; 
while all such action of the organs as is productive 
of pain is preventive of their complete develop- 
ment, and consequently diminishes their capacity 
for producing pain. The natural tendency of 
pleasure is to its own augmentation and perpetuity. 
Pain, on the contrary, is self-destructive. 

Special provision is made in the economy, for 
preventing pain from passing beyond a certain 
limit, and from enduring beyond a certain time. 
Pain, when it reaches a certain intensity, deadens 
the sensibility of the sentient nerve ; and when it 
Jasfs beyond a certain time, it exciter T\e^ ^^:X.vs^& 
fn the organ affected, fay wliic\i t\ie ot^xiv^ ^vCtsKt 
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restored to a sound state, or so changed in structure 
that its function is wholly abolished. But change 
of structure and abolition of function, if extensive 
and permanent, are incompatible with the continu- 
ance of life. If, then, the actions of the economy , 
excited by pain, fail to put an end to suffering by 
restoring the diseased organ to a nealthy state, they 
succeed in putting an end to it by terminating life. 
Pain, therefore, cannot be so severe and lasting as 
materially to preponderate over pleasure, without 
soon proving destructive to life. 

But the very reverse is the case with pleasure. 
All such action of the organs as is productive of 
pleasure is conducive to the perpetuation of life. 
There is a close connexion between happiness and 
longevity. Enjoyment is not only the end of life, 
but it is the only condition of life which is compa- 
tible with a protracted term of existence. The 
happier a human being is, the longer he lives; the 
more he suffers, the sooner he dies ; to add to en- 
joyment, is to lengthen life ; to inflict pain, is to 
shorten the duration of existence. As there is a 
point of wretchedness beyond which life is not de- 
sirable, 80 there is a point beyond which it is not 
maintainable. The man who has reached an ad- 
vanced age cannot have been, upon the whole, an 
imhappy being; for the infirmity and suffering 
which embitter life cut it short. Every docimient 
by which the rate of mortality amoiv^W^'bxwxar 
bens of human beings can be coti^cVN.'^ ^&Q.^\VaN»&^ 
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contains in it irresistible evidence of this truth. In 
every country, the average duration of life, whether 
for the whole people or for particular classes, is 
invariably in the direct ratio of their means of 
felicity ; while, on the other hand, the number of 
years which large portions of the population survive 
beyond the adult age may be taken as a certain 
test of the happiness of the community. How 
clear must have been the perception of this in the 
mind of the Jewish l^islator when he made the 
promise, that tht days may be long in the 

1.AND which the LoRD THT GoD HATH GIVEN 

THEE — the sanction of every religious observance, 
and the motive to every moral duty ! 

Deeply then are laid the fountains of happiness 
in the constitution of human nature. They spring 
from the depths of man's physical organization ; 
and from the wider range of his mental constitu- 
tion they flow in streams magnificent and glorious. 
It is conceivable that from the first to the last mo- 
ment of his existence, every human being might 
drink of them to the full extent of his capacity. 
Why does he not? The answer will be found in 
that to the following question. What must happen 
before this be possible ? The attainment of clear 
and just conceptions on subjects, in relation to 
which the knowledge hitherto acquired by the most 
enlightened men is imperfect. Physical nature, 
every department of it, at least, "^Yvi^^ Ss ^.v^^l^ 
^inAaencing human cxistexxce flai^\ixnnMi^\«a.- 
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lion; human nature, both the physical and the 
mental part of it; institutions so adapted to that 
nature as to be capable of securing to every indi- 
vidualy and to the whole community, the maximum 
of happiness with the minimum of suffering— this 
must be known. But knowledge of this kind is of 
slow growth. To expect the possesKion of it on 
the part of any man in such a stage of civilization 
as the present, is to suppose a phenomenon to 
which there is nothing analogous in the history of 
the human mind. The human mind is equally 
incapable of making a violent discovery in any 
depcurtment of knowledge, and of taking a violent 
bound in any path of improvement. What we call 
discoveries and improvements are clear, decided, 
but for the most part gentle, steps in advancement 
of the actual and immediately-preceding state of 
knowledge. The human mind unravels the great 
chain of knowledge, link by link ; when it is no 
longer able to trace the connecting link, it is at a 
stand; the discoverer, in common with his con- 
temporaries, seeing the last ascertained link, and 
from that led on by analogies which are not per- 
ceived by, or which do not impress, others, at 
length descries the next in succession ; this brings 
into view new analogies, and so prepares the way 
for the discernment of another link; this again 
elicits other analogies which lead to the detection 
of other links, and so the chain \ft \w^gCcveft«^, 
And Qo link, once made out, is \oal. 
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ChemiBts tell us that the adjustment of the com- 
ponent elements of water is such, that although 
they readily admit of separation and are suhservient 
to their most important uses in the economy of na- 
•»^4ire hy this very facility of decomposition, yet that 
their tendency to recomhination is equal, so that 
the quantity of water actually existing at this pre- 
sent moment in the glohe is just the same as on 
the first day of the creation, neither the operations 
of nature, nor the purposes to which it has been 
applied by man, having used up, in the sense of j 
destroying, a single particle of it. Alike inde» 
structible are the separate truths that make up the 
great mass of human knowledge. In their ready 
divisibility and their manifold applications, some of 
them may sometimes seem to be lost ; but if they 
disappear, it is only to enter into new combinations, 
many of which themselves become new truths, and 
80 ultimately extend the boundaries of knowledge. 
Whatever may have been the case in time past, 
when the loss of an important truth, satisfactorily 
and practically established, may be supposed pos- 
sible, such an event is inconceivable now when 
the art of printing at onee multiplies a thousand 
records of it, and, with astonishing rapidity, makes 
it part and parcel of hundreds of thousands of 
minds. A thought more full of encouragement to 
those who labour for the improvement of their 
fellow beings there cannot \>e, '^o orcL^^xd ^tei^ 
^ lost J no onward step ia fiixi^X •, evet^ «wj^ ^\ss^ 
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fkcilitates and secures another. The savage state, 
that state m which gross selfishness seeks its oh- 
ject simply and directly hy violence, is past. The 
semi-savage or barbarous state, in which the gross- 
ness of the selfishness is somewhat abated, and the 
violence by which it seeks its object in some degree 
mitigated, by the higher faculties and the gender 
affections of our nature, but in which war still 
predominates, is also past. To this has succeeded 
the state in which we are at present, the so-called 
civilized state — a state in which the selfish prin- 
ciple still predominates, in which the justifiable- 
ness of seeking the accomplishment of selfish pur- 
poses by means of violence, that of war among 
the rest, is still recognized, but in which violence 
is not the ordinary instrument employed by self- 
ishness, its ends being commonly accomplished 
by the more silent, steady, and permanent opera- 
tion of institutions. This state, like the preceding, 
will pass away. How soon, in what precise mode, 
by what immediate agency, none can tell. But 
we are already in possession of the principle which 
will destroy the present and introduce a better 
social condition, namely, the principle at the basis 
of the social union, the maximum of the aggre- 
gate OF happiness; the maximum of the 

AGGREGATE OF HAPPINESS SOUGHT BV THE PRO- 

JdOTION OF THE MAXIMUM OF TOI>W\li\i K\* ISlKX- 

riNESS ! 

'8 *i 



CHAPTER IV. 

Relation between the physical condition and happiness, and 
between happiness and longevity— Longevity a good, and 
why-^pocha of life-~The age of maturity the only ona 
thai admita of extension — ^Proof of thb from physiology 
^-Proof from statistics — Explanation of terms — Life a 
fluctuating quantity — ^Amount of it possessed in ancient 
Rome : in modern Europe : at present in England among 
the mass of the people and among the higher classes. 

Life depends on the action of the oi^nic organs. 
The action of the organic organs depends on cer*- 
tain physical agents. As each oiganic organ is 
duly supplied with the physical agent hy which it 
carries on its respective process, and as it duly 
appropriates what it receives, the perfection of the 
physical condition is attained; and, according to 
the perfection or imperfection of the physical con- 
dition, supposing no accident interrupt its regular 
course, is the length or the brevity of life. 

It is conceivable that the physical condition 

might be brought to a high degree of perfection^ 

the mind remaining in a state but little fitted for 

enjoyment; because it is necessary to enjoyment 

that there be a certam development) occupation, 

and direction of the mental povieTO a:^^ aSfec.VkroA'; 
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and the mental state may be neglected, while at- 
tention is paid to the physical processes. But the 
conyerse is not possible. The mental energies 
cannot be fully called forth while the physical con- 
dition is neglected. Happiness presupposes a cer- 
tain degree of excellence in the physical condition ; 
and unless the physical condition be brought to a 
-high degree of excellence, there can be no such 
development, occupation, and direction of the men- 
tal powere and affections as is requisite to a high 
degree of enjoyment 

That state of the system in which the physical 
condition is sound is in itself conducive to enjoy- 
ment; while a permanent state of enjoyment is 
in its turn conducive to the soundness of the phy- 
sical condition. It is impossible to maintain the 
physical processes in a natural and vigorous con- 
dition if the mind be in a state of suffering. The 
.bills of mortality contain no column exhibiting the 
nmnber of persons who perish annually from bodily 
disease, produced by mental suffering ; but every 
<me must occasionally have seen appalling ex- 
amples of the fact. Every one must have observed 
the altered appearance of persons who have sus- 
tained calamity. A misfortune, that struck to the 
heart, happened to a person a year ago ; observe 
him some time aflterwards; he is wasted, worn, 
the miserable shadow of himself; inquire about 
him at the distance of a few months, lie \« no xsvc^t^. 

It ia stated by M. Villermi, that tiie ox^ii^r^ 
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rate of mortality in the prisons of France, taking 
all together, is one in twehty-three-^a raite which 
corresponds to the age of sixty-five in the common 
course of life^ But in the vast majority of cases 
the unfortunate victims of the law are no older than 
from twenty-five to forty-five years of age. Taking 
them at the mean age of thirty-five, it follows that 
the suffering from imprisonment, and from the 
causes that lead to it, is equivalent to thirty years 
wear and tear of life. But this is not all ; for it is 
found that, during imprisonment, the ordinary 
chances of death are exactly quadrupled. 

In regard to the whole population of a country, 
indigence may he assumed to he a fair measure of 
unhappiness, and wealth of happiness. If the rate 
of mortality in the indigent class he compared with 
that of the wealthy, according to M. Villerm^, it 
will he found in some cases to he just douhle. 
Thus it is affirmed that, in some cases in France, 
taking equal numbers, where there are one him- 
dred deaths in a poor arrondissement, there are 
only fifty in a rich ; and that taking together the 
whole of the French population, human life is 
protracted tweke years and a half among the 
wealthy beyond its duration among the poor: 
consequently, in the one class, a child, newly 
born, has a probability of living forty-two and a 
half years ; in the other only thirty years. 
In the gre&t life-insurance establishments in 
^nglandj a vast proportioii oi \\ve ^Tsat» ^\»» 



PHYSICAL CONDITION. 109 

insure their lives arc persons compelled to do so 
by their creditors ; while three-fourths of those 
who voluntarily insure their lives are professional 
men, living in great towns, and experiencing the 
anxieties and fatigues, the hopes and disappoint- 
ments of professional life. In one of these esta^ 
blishments in London, out of 330 deaths that 
happened in twenty-six years preceding the year 
1831, it was found that eleven died by suicide^ 
being one in thirty, implying the existence of an 
appalling amount of mental suffering. The num- 
ber of persons belonging to an insurance office who 
perish by suicide is sure to be accurately known,, 
death by suicide rendering the policy void. It 
would be most erroneous to suppose that these 
persons put an end to their existence under the 
mere influence of the mental states of disappoint- 
ment and despondency. The mind reacted upon 
the body : produced physical disease, probably in- 
flammation of the brain, and under the excitement 
of this physical disease, the acts of suicide were 
committed. More than one case has come to my 
knowledge in which inflammation of the brain 
having been excited by mental suffering, suicide 
was committed by cutting the throat. During the 
flow of blood, which was gradual, the brain was 
relieved ; the mind became perfectly rational ; and 
the patient might have been saved had a surgeon 
been upon the spot, or had the persons «.bou\. \3cl^ . 
patient known where and how to ap'pVj \)afc"^T^'aKvsi^ 
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(tf the finger to staunch the flow of bloody untii 
surgical aid could be procured. 

By a certain amount and intensity of misery 
life may be suddenly destroyed; by a smaller 
amoimt and intensity, it may be slowly worn out 
and exhausted. The state of the mind afiects the 
physical condition ; but the continuance of life is 
wholly dependent on the physical condition: it 
follows that in the degree in which the state of the 
mind is capable of affecting the physical condition, 
it is capable of influencing the duration of life. . 

Were the physical condition always perfect, and 
the mental state always that of enjoyment, the 
duration of life would always be extended to the 
ixtmost limit compatible with that of the organiza- 
tion of the body. But as this fortunate concur- 
rfence seldom or never happens, human life seldom 
or never numbers the full measure of its days. 
Uniform experience shows, however, that, pro- 
vided no accident occur to interrupt the usual 
ciourse, in propoition as body and mind approxi- 
mate to this state, life is long ; and as they recede 
from it, it is short. Improvement of the physical 
condition aflbrds a foundation for the improvement 
of the mental state; improvement of the mental 
state improves up to a certain point the physical 
condition ; and in the ratio in which this two-fold 
ij^/>rovement is eflected, the duration of hfe in- 
x^eases, 
Lonicevity then is a good, in ftie ftret ^Wfe^\»- 
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cause it 18 a Bign and a cooaequenoe of the pot- 
session of a certain amount of enjoyment ; and in 
the second place, because this being the case, of 
oouTse in proportion as the term of life is extended, 
the sum of enjoyment must be augmented. And 
this view of longevity assigns the cause, and shows 
the reasonableness of that desire for long life which 
is so universal and constant as to be commonly 
considered instinctive. Longevity and happiness, 
if not invariably, are generally, co-incident. 

If there may be happiness without longevity, 
the converse is not possible : there cannot be lon- 
gevity without happiness. Unless the state of the 
body be that of tolerable health, and the state of the 
mind that of tolerable enjoyment, long life is unat- 
tainable : these physical and mental conditions no 
longer existing, nor capable of existing, the desire 
of life and the power of retaining it cease together. 

An advanced term of life and decrepitude are 
commonly conceived to be synonymous : the ex- 
tension of life is vulgarly supposed to be the pro- 
traction of the period of infirmity and suffering, 
that period which is characterized by a progressive 
diminution of the power of sensation, and a conse- 
quent and proportionate loss of the power of en- 
joyment, the '' sans teeth, sans eyes, sans taste, sans 
every thing." But this is so far from being true,, 
that it is not within the compass of human power 
to protract in any sensible degree \\ie '^fv(A ^^ ^^ 
^e properly ao called, that is, ttve ft\»%e ^^ \e«ws^ 
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tude. In this stage of existence, the physical 
changes that successively take place clog, day by 
day, the vital machinery, until it can no longer 
play. ^In a space of time, fixed within narrow 
limits, the flame of life must then inevitably expire, 
for the processes that feed it fail. But though, 
when fully come, the term of old age cannot be 
extended, the coming of the term may be postponed. 
'To the preceding stage, an indefinite number of 
years may be added. And this is a fact of the 
'deepest interest to human nature. 

The division of human life into periods or epochs 
is not an arbitrary distinction, but is foimded on 
constitutional differences in the system, dependent 
on different physiological conditions. The periods 
of infancy, childhood, boyhood, adolescence, man- 
liood, and old age, are distinguished from each 
other by external characters, which are but the 
outward signs of internal states. In physiological 
condition, the infant differs from the child, the 
child from the boy, the boy from the man, and 
the adult from the old man, as much in physi- 
cal strength as in mental power. There is an 
appointed order in which these several states suc- 
ceed each other; there is a fixed time at which 
t)ne passes into another. That order cannot be 
inverted: no considerable anticipation or post- 
ponement of that fixed time can be effected. In 
all places and under all ciTCvimalBixvct^, ^\ «k^^«a 
time, though not precisely at the s?cm^e, \jvn\fc *\tv ^ 
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climates and under all modes of life, infancy passes 
into childhood, childhood into hoyhood, boyhood 
into adolescence, and adolescence into manhood. 
In the space of two years from its birth, every in- 
fant has ceased to be an in^emt, and has become a 
child ; in the space of six years from this period, 
every male child will have become a boy ; add eight 
years to this time, and every boy will have become 
a young man ; in eight years more, every young 
man will have become an adult man ; and in the 
subsequent ten years, every adult man will have 
acquired his highest state of physical perfection. 
But at what period will this state of physical per- 
fection decline? What is the maximum time 
during which it can retain its full vigour? Is 
that maximum fixed? Is there a certain number 
of years in which, by an inevitable law, every adult 
man necessarily becomes an old man? Is pre- 
cisely the same number of years appointed for this 
transition to every human being? Can no care 
add to that number ? Can no imprudence take 
from it ? Does the physiological condition or the 
constitutional age of any two individuals ever ad- 
vance to precisely the same point in precisely the 
same number of years ? Physically and mentally, 
are not some persons older at fifty than others are 
at seventy? And do not instances occasionally 
occur in which an old man, who reaches even his 
hundredth year, retains as great a d&^e.^ Oii *^^- 
lility aa the majority of those Y?\io aVl«:YCiX.Q ^y^H:^'^ 
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If this be 80, wLat follows? One of the moat 
mteresting consequences that can be presented to 
the human mind. The duration of the periods of 
in^Eincy, childhood, boyhood, and adcAescence, if 
fixed by a determinate number of years. Nothing 
can stay, nothing retard, the succe88i<m of each. 
Alike incapable of any material protraction is the 
period of old age. It follows that every year by 
which the term of human existence is extended is 
really added to the period of mature i^; the 
period when the organs of the body have attained 
their full growth and put forth their full strength ; 
when the physical organization has acquired its 
utmost perfection ; when the senses, the feelings, 
the emotions, the passions, the afiEections, are in 
the highest d^ree acute, intense, and varied; when 
the intellectual faculties, completely unfolded and 
developed, carry on their operations vrith the 
greatest vigour, soundness, and continuity ; in a 
word, when the individual is capable of receiving 
and of communicating the largest amount of the 
highest kind of enjoyment. 

A consideration more full of encouragement, 
more animating, there cannot be. The extension 
of human life, in whatever mode and degree it may 
be possible to extend it, is the protraction of that 
portion of it, and only of that 3)ortion of it^ in 
which the human being is capable of regefvimo 

AND OF COMMTTNICATIIXG THS I.ARGE8T MEASURR 
OF THE NOBLEST K1N1> OF BTXJOTMKIST* 
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ConsideralioiiB, purely physblogical, establish 
this indubitably ; bat it is curious that a class of 
facts, totally different firom those of a physiological 
nature, equally prove it; namely, the results ob- 
tained from the observation of the actual numbers 
that die at different ages, and the knowledge con- 
sequently acquired of the progressive decrement 
of life. Mortality is subject to a law, the operation 
of which is as regular as that of gravitation. The 
labours of my valued friend Mr. Finlaison, the 
actuary of the National Debt, have not only deter- 
mined what that law is in relation to different na- 
tions at different periods of their history, but this 
celebrated calculator has also invented a striking 
mode of expressing and representing the fact. He 
constructed a chart on which 100 perpendicular 
lines, answeriug to the respective ages of human 
life, are laid down and numbered in succession. 
These are crossed at right angles by 500 horizontal 
lines ; so that, in the manner of musical notation, 
a point may be laid down either on the horizontal 
line, or on the space between any two of them : 
and thus, 1000 points may be laid down on each 
of the perpendicular lines. The horizontal lines 
are in like manner numbered from 1 to 1000, 
ascending from the base. Taking any observation 
which shows the number of living persons that 
commence, and in like manner the number that 
die in each particular year of human life, thft e^\- 
cnlator reduced by the rule of three escr^ «v3lObl 
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actual number of living persons for every separate 
year to 10,000 : he next showed the corresponding 
proportion of deaths out of such 10,000. These 
proportions he represented on the chart by a point 
inserted on the horizontal line or space for the 
number of deaths, and on the perpendicular line 
for the particular age. He then connected all the 
points so laid down, and the result is a curve, re- 
presenting the track of death through an equal 
number of human beings existing at each age of 
life. As the curve rises on the perpendicular line, 
at any given age, it indicates by so much an in- 
crease of the mortality at that age; and as the 
curve falls, the reverse is denoted. 

Now, it is a highly interesting fact, that the 
curves on this chart drawn upon it before the phy- 
siological phenomena were known to the operator, 
placed there because such he found to be the ac- 
tual path along which death marshals his course, 
exactly correspond to the epochs which physiology 
teaches to be determinate stages of human ejList- 
ence. The infant, the child, the boy, the adoles- 
cent, the man, the old man, are not exposed to the 
same danger. The liability of each to death is not 
merely diifferent; it is widely different; the lia- 
bility of each class is uniformly the same, the cir- 
cumstances influencing life remaining the same ; 
and under no known change of circumstances does 
the relative liability of the class vary ; imder no 
change does the liability o£ t\ifi «AQ\<^»2«xi\.\)tt^^\£vv. 
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that of the infant, or the liability of tbe adult that 
of the aged. Take from any statistical document 
any number of persons ; observe out of this num- 
ber the proportion that dies at the different stages 
just enumerated; and the period of human life 
which admits of extension will be strikingly mani- 
fest. Take with this view the Prussian statistical 
tables, the general correctness of which is admitted. 
From these tables it appears, and the correctness 
of the result is confirmed by a multitude of other 
tables, that out of a million living male births, 
there will die in the first year of life 180,492 in- 
fants, and out of the like number of living female 
births, there will die 1 54,105 infants. Let us fol- 
low up the decrement of life through the different 
epochs of human existence, confining our observa- 
tions to the male sex, in which the development is 
more emphatically marked. 

In Mr. Finlaison's report, printed by the House 
of Commons on the 30th of March, 1829, there are 
six original observations on the mortality of as 
many separate sets of annuitants of the male sex. 

From an ^camination and comparison of these 
observations, it appears — Ist. That the rate of 
mortality falls to a minimum at the close of the 
period of childhood. 2d. That from this point 
the mortality rises until the termination of adoles- 
cence or the commencement of adult age. 3d. 
That from the commencement of iidxAt. vv%^ ^^ 
mortality again declines, and coiitiiiwe^ to ^"tOCv^ft 
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to the period of perfect maturity. And 4th. That 
from the period of perfect maturity, the mortality 
rises, and uniformly, without a single exception, 
returns, at the age of forty-eight, to the point at 
which it stood at the termination of adolescence. 
These results clearly indicate that certain fixed 
periods are marked by nature as epochs of human 
life; and that at the date of the recorded facts 
which furnish the data fcfr these observations, and 
as far as regards the class of persons to which they 
relate, the age of forty-eight was the exact pomt 
at which the meridian of life was just passed, and 
a. new qpoch began. The following table exhibits 
at one view the exact results of each of the obser- 
vations. For example, . 



According to 

the obaenrap 

tion. No. 



15 
16 
17 
18 
19 
20 



The mortalitT 

is at a ndm- 

mum at the 

age of 

- 13 - 

- 13 - 

- 14 - 

- 13 - 

- 13 - 

- 13 - 



From whence 

it riaes iratil 

the age of 



23 
23 
22 
23 
24 
24 



From this 
point it de- 
clines to the 
age of 



34 
35 
33 
33 
34 
34 



And from this 
age it again 

rises, but IS not 
eqnal to the 
mortality in 

theSdoolanui 

until the age of 

- 48 

- 48 

- 48 

- 48 

- 48 

- 48 



The observation. No. 15, is founded on the large 

mass of 9,347 lives and 4,870 deaths. From this 

observation, it appears that, at the age of thirteen, 

the mortality out of a million is 5,742, being 

274.*J50 JeM than in tine &rel ^«wt ^l \s&kdib\ 
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At Ihe age of twenty-Uuree, it it 15/)74, being 
9,332 more than at the doae of childhood. At the 
age of thirty-four, the period of complete manhood, 
it ftlls to 11,707, being 3,367 less than at the 
dose of adolescence. At the age of forty-eight, 
the mortality returns to 14,670, all but identically 
the same as at twenty-three, the adult age. From 
the age of forty-eight, when, as has been stated, 
life just begins to decline fix>m its meridian, the 
mortality advances slowly, but in a steady and 
r^olar progression. Thus, at the age of fifty- 
eight it is 29,185, being 14,315 more than at 
the preceding decade, or almost exactly double. 
At the age of sixty-eight, it is €1,741, being 
32,556 more than at the preceding decade, or 
more &an double. At the age of seventy-eight, 
it k 114,255, being 52,514 more than at the pre- 
eeding decade. At the age of eighty-eight, it is 
246,803, being 132,548 more than at the pre- 
cedmg decade. 

During the first year of infancy, as has been 
shown, the mortality out of a million is 180,492. 
At the extreme age of eighty-four, it is 178,130, 
very nearly the same as in the first year of infancy. 
Greatly as the mortality of all the other epochs of 
life is affected by country, by station, by a multi- 
tude of influences arising out of these and similar 
circumstances ; yet the concurrent evidence of all 
observation shows that at this and l\i& \^^ %A- 
vmced ages the mean term of esiBtence Va w^'kCv^ 
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the same in all countries, at all periods, and among 
all classes of society. Thus, among the nobility 
and gentry of England, the expectation of life at 
eighty- four is four years ; among the poor fisher- 
men of Ostend, it is precisely the same. M. Depar- 
cieux, who wrote just ninety, years ago, establishes 
the expectation of life at that time in France, at 
the same age, to have been three and a half years ; 
and Halley, who wrote 120 years ago, and whose 
observations are derived from documents which go 
back to the end of the seventeenth century, states 
the expectation of life at eighty-four to be two 
years and nine months. 

From these statements, then, it is obvious, that 
from the termination of infancy at three years of 
age, a decade of years brings childhood to a close, 
during which the mortality, steadily decreasing, 
comes to its minimum. Another decade terminates 
the period of adolescence, during which the mor- 
tality as steadily advances. A third decade changes 
the young adult into a perfect man, and during 
this period, the golden decade of human life, the 
mortality again diminishes ; while, dining another 
decade and a half, the mortality slowly rises, and 
returns at the close of the period to the precise 
point at which it stood at adult age. Thus the 
interval between tjie period of birth and that of 
adult age includes a term of twenty-three years. 
The interval between the period of adult age and 
that when life just begina to dfcdm^ ^Oixst \\a ijafc^ 
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ridnn, indudes a term of twenty-four yean : con* 
seqnently, a period more than equal to all the other 
^ocha cf life from birth to adult age ia enjoyed, 
during whieh mortality makes no advance what- 
ever. Now the term of years included in the seve- 
ral epochs that intervene between birth and adult 
age k rn^dly fixed. Thos the period of infancy 
incliides precisely three years, that of childhood 
ten years, and that of adolescence ten years. 
Within the qsace of time comprehended in these 
intervak, physiological ehanges take place, on 
whieh depend every thing that is peculiar to the 
epochs. These changes cannot be anticipated, 
cannot be retarded, except in a very slight degree. 
In an eocmtries, among all classes, they take place 
in the same order and nearly in the same space of 
time. In like manner, in extreme old age, or the 
age of decreptude, which may be safely assumed 
to commence at the period when the mortality 
equals that of the first 3^r of infancy, namely, the 
lige of eighty-four, ph3rsiological changes take place, 
wbieh, within a given space of time, inevitably 
bring life to a close. That space of time, in all 
COHntries, in all ranks, in all ages, or rather as far 
back as any records enable us to trace the facts, 
appears to be the same. As within a given time 
the boy must ripen into manhood, so within a given 
time the man of extreme old age must be the vic- 
tim of death. Consequently, it is the lIit«^s«^. \i^- 
tween the adult age and the age oi decifeY^tvx'^'i, 

VOL, I, ^ 
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and .only this, that is capable of extension.. During 
the interval between adult age and the perfect me- 
ridian of life, comprehending at present, aa we 
have seen, a period of twenty-four years, the con- 
stitution remains stationary, mortality making no 
sensible inroad upon it. But there is no known 
reason why this stationary or mature period of life 
should, like the determinate epochs, be limited to 
a fixed term of years. On the contrary, we do itt 
fact know that it is not fixed ; for we know that 
the physiological changes on which age depends 
are, in some cases, greatly anticipated, and in 
others, proportionately postponed; so that some 
persons are younger at sixty, and even at seventy, 
than others are at fifty; whereas, 'an analogous 
anticipation or postponement of the other epochs of 
life is never witnessed. So complete is the proof, 
that the extension of human life can consist in the 
protraction neither of the period of juvenility, nor 
in that of senility, but only in that of maturity. 

Were it necessary to adduce further evidence of 
this most interesting fact, it would be found equally 
in the statistics of disease as in those of mortality. 
Indeed, the evidence derived from both these 
sources must be analogous, because mortality is 
invariably proportionate to the causes of mortsdity, 
of which causes, sickness, in all its forms, may be 
taken as the general or collective expression. 
We do not possess the same means of illustrat- 
Jng tZie prevalence of ^Beasft\\Hwx^^\^^«^w3oA 
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ci life B8 we do of showing the intensity of mor- 
tality ; yet the report of Mr. Finlaison, already 
referred to, enables us to show its comparative pre- 
valence at several of those stages. Thus, from 
this document, it appears, that among the indus- 
trious poor of London, members of benefit societies, 
out of a million of males, the proportion constantly 
sick at the age of twenty-three, is 19,410; at the 
age of twenty>eight, it is 19,670; at the age of 
thirty-three, it is 19,400; at the age of thirty- 
eight, it is 23,870 ; at the age of forty-three, it is 
26,260; at the age of forty-eight, it is 26,140; at 
the age of fifty-three, it is 27,060 ; at the age of 
fifty-eight, it is 36,980 ; at the age of- sixty- three, 
it is 57,000; at the age of sixty-eight, it is 108,040; 
at the age of seventy-three and upwards, it is 
317,230. The prevalence of sickness is not an 
exact and invariable measure of the intensity of 
mortality ; but there is a close connexion between 
them, as is manifest from the progressively-in- 
creasing amount of sickness, as age advances. 
Thus, in the first ten years from the age of twenty- 
three to that of thirty-three, there is no increase of 
sickness, its prevalence is all but identically the 
same; in the next ten years from the age of thirty- 
three to that of forty-three, the increase of sick- 
ness, as compared with that of the preceding 
decade, is 6,860; in the next ten years from the 
age of forty-three to that of fifty-three^ t\\!& mcx^'^^ 
18 only 800; in the next ten yeaia from ftv^ ^%<^ ^l 

Q % 
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fifty-three to tliat of sixty-three, the increase » 
29,940, while from the age of sixty-three to seventy- 
three, it is 260,230. 

Such are the resnlts derived from the experience 
of disease considered in the a^regate, all its varied 
forms taken together. I am enabled further to pre* 
sent an exact and most instructive proof, that one 
particular disease which, in this point of view, may 
be considered as more important than any other, 
because it is the grand agent of death, namely fever, 
carries on its ravages in a ratio which steadily and 
uniformly increases as the age of its victim ad- 
vances. Having submitted the experience of the 
London Fever Hospital for the ten years preceding 
January 1834, an observation including nearly 
6,000 patients affected with this malady, to Mr. 
Finlaison, it was subjected by him to calculation. 
Among other curious and instructive results to be 
stated hereafter, it was found that the mortality of 
fever resolves itself into the following remarkable 
progression. Thus suppose 100,000 patients to 
be attacked with this disease between the ages of 
5 and 16, of these there would die - 8,266 

and of an equal number 

between 15 and 26 there would die 11,494 
25 and 36 - - - 11,011 

35 and 46 - - - 21,960 

45 and 56 - - - 30,493 

55 and 66 - - - 40,708 

65 and upwards - - • AA^k^ 
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Tbos the risk of life from this malady is twice as 
great at the age of thirty-one as it is at eleven. It 
is also nearly twice as great at forty-one as it is at 
twenty- one. It is five times as great at sixty-one 
as it is at elevoi, and nearly four times as great 
ahove sixty-five as it is at twenty-one. 

From the wlude of the forgoing statements, it 
IS manifest that life is a fluctoating quantity. In 
order to compare this fliKtuating quantity under 
different circumstances^ writers on this branch of 
statistics use several terms, the exact meaning of 
which it is desirable to explain. It is, for example, 
very important to have a dear understanding of 
what is meant by such expressions as the fol- 
lowing: the expectation, the probability, the value, 
the decrement of life, and the law of mortality. 

1. The Expectation op Lipe. It is important 
to bear in mind that several expressions in common 
use have a signification perfectly synon3rmous with 
this: namely, share of existence; mean duration of 
hfs; la vie nunfenne. 

By these terms is expressed the total number of 
years, including also the fractional parts of a year, 
ordinarily attained by human beings from and 
after any given age. Suppose, for example, that 
one thousand persons enter on the eighty-sixth 
year of their age: suppose the number of years 
and days which each one of them lives afterwards 
he obeerved and recorded; snppo&e tlhft nxjcccdnet 
ultimately attained by each be {oxmei vnUi ^ vasa 
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total ; suppose this total be divided equally among 
the thousand, the quotient of this division is said 
to be each one's share of existence, or his mean 
duration of life, or his expectation of life. Thus, 
of the thousand persons in the present case sup- 
posed to commence the age of eighty-five, suppose 
the number of years they collectively attain amount 
to 3,500 years : the one-thousandth part of 3,500 
is three and a half: three years and a half then is 
said to be the expectation of life at the age of 
eighty-five, because, of all the persons originally 
starting, this is the equal share of existence that 
falls to the lot of each. 

2. Probability of Life ; or the probable dura* 
tion of lifey la vie probable. These are syno- 
nymous terms, in use chiefly among continental 
writers as an expression of the comparative dura- 
tion of life. The tabular methods of setting forth 
the duration of life consist, for the most part, in 
assuming that 10,000 infants are bom; and that 
at the age of one, two, three, and each successive 
year of life, there are so many still remaining in 
existence. Fix on any age; observe what niunber 
remain alive to commence that age; note at what 
age this number decreases to one-half; the age at 
which they so eome to one-half is called the pro- 
bable term of life; because, say the continental 
frn'ters, it is an equal wager whether a person shall 
or shall not be alive at tlvat -ipenod.* TW^^^^xL^^iose 
one thousand males coiamtace lo^^^« ^^ ^^^'l 
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toghty-four; suppose the table indicate that there 
will be alive at the age of eighty-five, 817; at the 
age of eighty- six, 648; at the age of eighty- seven, 
493; at the age of eighty-eight, 357, and so on. 
In the present case, the probable duration of life 
at eighty-four is said to be very nearly three years, 
because, at the age of eighty-seven there are left 
alive 493, very nearly one-half of the thousand that 
originally started together. 

3. Value of Life. This term, when used ac- 
curately, expresses the duration of life as measured 
by one or other of the methods already expounded. 
But it is sometimes popularly used in a loose and 
singularly inaccurate sense. Thus it is very com- 
monly said — " Such a man's life is not worth ten 
years' purchase," which is the same thing as to 
say, that an annuity, suppose a hundred pounds a 
year, payable during the life of the person in ques- 
tion, is not worth ten times its magnitude, that is 
one thousand pounds. If a thousand pounds be 
put into a bank at some rate of interest to be agreed 
upon, and if a hundred poimds be drawn every 
year from the stock, the expression under consi 
deration affirms that the person in question will be 
dead before the principal and interest are exhausted. 
For instance, at four per cent, the value of an an- 
nuity of one hundred pounds to a man of the age 
of twenty-five is 1694/., which is 16iV years* pur- 
chase; whereas, his expectation of life at tbat ^s^ 
MB 35^ years. 
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4. Law of Mortality. By this term is ex> 
pressed the proportion out of any determinate 
nmnher of human beings who enter on a giren 
year of age, that will die in that year. Erery ob- 
servation on the duration of life presents certain 
numbers, which, by recorded facts, are found to 
pass through each year of age, and also shows how 
many have died or failed to pass through erery 
year of age. Those numbers, by the rule of three^ 
are converted into the proportions who would die 
at each age out of one million of persons, if such 
a number had commenced it. Suppose, then, a 
million of persons to be in existence at the first 
year of age; suppose a million to be in existenoe 
at the second year of age; suppose a million to be 
in existence at the third year of age; and in this 
manner suppose an equal number to be in existence 
at the commencement of each and every year to 
the extreme term of himian life. Now, the pro- 
portions that by actual observation are found to 
die at each and every year out of the million that 
were alive at the commencement of it, form sepa- 
rately the law of mortality for each year, and col- 
lectively for the whole of life. 
. 5. Decrement of Life. Assuming, as before, 
that a million of male children are born alive (for 
the still-bom must be excluded from the calcula* 
tion) if it be found that 180,492 would die in the ' 
£r8t year, it follows that the difference, namelyg 
619,508, wiJl enter upon lYvfe «i;gj^ ol wwi ^^-wt* 
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Sappoee the law of mortality indicate that the pro- 
portion that will die, out of a million, hetween the 
age of one and two, is 30,000 ; it is plain that the 
numher who would die out of 819,508 will hy the 
rule of three be 27,863, and consequently that 
the residue, namely, 791,615, will remain alive, 
and so enter on the age of two years. This me- 
thod being pursued through each and every age to 
the extreme term of life, when none of the original 
million survive, the result is a table of mortality 
in the form in which it is commonly presented in 
the woiks of writers on this branch of science. In 
the table thus constructed there is a column con- 
taining the number of living persons who, out of 
the original million, lived to enter upon each and 
every year. Of this rank of numbers the difference 
between each term and its next succeeding one, is 
tibe number who die in that particular interval: 
that number is the measure of what is technically 
called the decrement of life for that particular 
year, and the whole of the decrements for each 
and every year taken collectively is termed the de- 
crement of life. The decrement of life, then, is 
not only not the aame as the law of mortality, but 
is carefully to be distinguished from it. The law 
of mortaUty is derived from observing the number 
who die out of one and the same number which is 
always supposed to enter on each and every year. 
The decrement of life constitutes a Tanik ol xcoxcl- 
iben arimg out of the succeBsive deatYvi^ \ V^oaX ''^a^ 
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out of the original million in the first year; mit of 
the Buirivors of that million in the second year; 
out of the survivors of those survivors in the third 
vear, and so on. In the first case the number of 
the living is always the same; the number that 
die is the variable quantity: in the second case 
the number of the living is the variable quantity, 
while the number that die may remain pretty much 
the same for a succession of years ; and on casting 
the eye on the tables constructed in the ordinary 
mode, it will be seen that the number often does 
remain the same for a considerable series of years. 
We have said that life is a fluctuating quantity* 
It fluctuates in different countries at the same pe» 
riod; in the same country at diflerent periods; in 
the same country, at the same period, in different 
places ; in the same coimtry, at the same period, 
in the same place, among different classes ; in the 
same country, at the same period, in the same 
place, among the same class, at the diflerent deter- 
minate stages of life. Some few of these fluctua- 
tions, and more especially the last, depend on the 
primary constitution of the organization in which 
life itself has its seat, over which man has little 
or no control. The greater part of them depend 
on external and adventitious agencies over which 
man has complete control. Human ignorance, 
apathy, and indolence, may render the duration of 
life, in regard to large claftat^ wl\^ cvi\.\x^ <^uiitries, 
abort; bumsxi knowledge, enei^ «adi^T%e^«twaRfe^ 
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may extend the duration of life for beyond what i6 
commonly imagined. It will be interesting and 
instructive to select a few of the more striking ex- 
amples of this from the records we possess, few and 
imperfect as they are, in relation to this subject. 

Of the duration of life in the earlier periods of 
the history of the human race we know nothing 
Tvith exactness, though there are incidental state- 
ments which afford the means of deducing with 
some probability the rate of mortality in particular 
situations. There has come down to us one docu- 
ment through Domitius Ulpianus, a judge, who 
flourished in the reign of Alexander Severus, which 
enables us to form a probable conjecture at least 
of the opinion of the Roman people of the value of 
life among the citizens of Rome in that age. It 
happened at Rome as in other countries, that when 
an estate came into the possession of an individual 
it was burthened with a provision for another 
person during the life of the latter, a younger bro- 
ther, for example. This provision was called by 
the Romans an aliment. No estate, burthened 
with such a provision, could be sold by the heir in 
possession, unless the purchaser retained in his 
hands so much of the price as was deemed adequate 
to secure the regular and continuous payment of 
the aliment. This imposed upon the Romans the 
necessity of considering what the term of life would 
probably be from and after any gweii «k!|5<t. '^"Wc 
tbef did conceive that term to be \a i^xXe,^ \w ^ 
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document of Ulpianus, recorded by JuBtinian, and 
given in the note below.* This document imports 
that from in£uicy up to the age of 

20, there should be allowed 30 years. 
From 20 to 25 - - 28 

* Compatationi iu alimentis facieodse hanc formam esse Ul- 
planus scribit, ut ^ primd atate usque ad annum vicesimum 
quantitasalimentorum triginta annorum computetur, ejusque 
quantitatis Falcidia praestetur: tUf tmnii vero viginii usque 
ad annum vicesimumquintum annorum viginti octo: ab 
tttmis vigintaquinque usque ad annus triginta, annoram 
▼igintiquinque : ab annit triginta usque ad annos triginta- 
quinque annorum yiginti duo ; ab annii trigintaqumque usque 
ad annos quadragpnta annorum viginti : ab anmt quadra^ 
ginta usque ad annos quinquaginta tot annorum compntatio 
fit quot SBtate ejus ad annum sexagesimum deerit, remisio 
uno anno: ab atmo verh quinquagnimo usque ad annum 
quinquagesimumquintum annorum no¥em : ab amus qtum^ 
quagintaquinque usque ad annum sexagesimum annorum 
septem : ab anmi$ texagiiUaf cujuscunque sstatis sit, annorum 
quinqoe ; eoque nos jure uti Ulpianus ait, et circa eompa 
tationem ususfiructns fadendam. Solitum est tamen it 
primd mtate usque ad annum trigesimum computationem 
annorum triginta fieri : ab annis vero triginta tot annorum 
computationem inire, quot ad annum sexagesimum deeeae 
videntnr ; nunquam ergo amplius quam triginta annorum 
computatio initur. Sic denique, et si Reipublics ususfructus 
egetur, sive simplieiter, sive ad ludo^, triginta annorum 
computatio fit. Si quis ex heredibus rem propriam esse 
contendat, deinde hereditariam esse convincatur : quidem 
patant ejus quoque Falcidiam non posse retineri; qui4 
jujhll intersi^ subtraxerit an hereditariam esse negaverit. 
Qaod Ulpianus recti impTobat. (V\dA ^\ii^\u, 'P^adaet 
hb, 35, Ut 2, ad Legem Fakidiim.') 
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»om 25 to 30 25 yean 

30 to 35 - - 22 

35 to 40 20 



From 50 to 55 - - 9 

55 to 60 - n 

And at aU ages above 60-5 
But between 40 and 50, as many years were to be 
allowed as the age of the party fell short of 60» 
deducting one year. 

No clue has hitherto been obtained to the dis* 
covery of the real meamng of this document. It is, 
however, highly probable that the Romans had 
fiJlen on one of the two methods of measuring the 
value of life already explained; namely, that termed 
the Probability of Life. Of the two modes of de- 
termining the value of life, the probability was 
more likely to occur to a Roman judge than the 
expectation. He had no tables, no registers to guide 
him. What course, then, would he be likely to 
take? Probably he would form a list of his own 
school- fellows and others within his own know- 
ledge, of the age, say, of twenty. By prevailing on 
persons of his own age, on whose correctness he 
could rely, to draw out similar lists, he might ac- 
cumulate some thousand names. In this list it is 
probable that the male sex alone would be included, 
on account of the greater ease of ascertaining both 
their exact age and the exact date ot \!)Dke\t ^<^\^» 
For the Bome reason, it is pToba\A& Oa»X ^'^ Ns^ 
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would consist only of the nobility and the inhabit- 
ants of towns. Having thus completed his list, 
the next step would be to frame another list of all 
who died at the age of twenty-one ; and next, another 
list of all who died at the age of twenty-two, and so 
on through each and every year of life. Now by sub- 
tracting the number in the list, No. 1, that is, those 
who died between twenty and twenty-one, from the 
number who originally started at twenty, which, in 
other words, would be to find the decrement of life, 
•in the mode already explained, he would see how 
-many lived to commence the age of twenty-one, and 
•fio on, through each year of life. But this would be 
to construct a table, showing the probable duration 
of life ; that is, a table from which he could observe 
at what advanced age the number originally starting 
ftt twenty, and so on, came to diminish to one-half, 
when it would naturally occur to him that it is an 
€qual wager whether such younger life would or 
would not be in existence at the advanced age so 
ascertained. If we suppose this to have been the 
method actually adopted by the Roman judge, and 
apply it to the table of Ulpianus, the result ob- 
tained is consistent in an extraordinary degree, and 
is highly interesting. 

There is reason to believe that the mortality at 

present throughout Europe, taking all countries 

'together, including towns and villages, and com- 

bimng all classes into one tt|5gt^%.t<&^ is one in 
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who flourished about the middle of the last cen- 
tury, estimated it at this average at that period. 
The result of all Mr. Finlaison's investigations is 
a conviction that the average for the whole of 
Europe does not materially differ at the present 
time« He has ascertained by an actual observa- 
tion, that in the year 1832 it was precisely this in 
the town of Ostend. Taking this town, then, as 
the subject of comparison, it is found that the pro- 
bable duration of life among the male sex at 
Ostend exceeds the Roman allowance by the fol- 
lowing number of years ; namely, 
At the age of 17, the excess in round 

numbers is 5 years. 

22 . . 5 

27 - - - 5 

32 - 5 

37 - - 3 

42 - - 3 

47 - - 5 

52 - - 5 

57 ,4 

62 - - 4 

67 - - 2 

72 - 1 

77 - - 

But it is not improbable that the Romans made 
some deduction from what they knew to be the 
real value of life among the citizens of Rom^^ q^ 
account of the use of the money ap^ioTgnaX^^ \» 
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the aliment, which the purchaser of the estate 
retained in his own hands. It has been shown 
that the average mortality at present at Ostend is 
one in thirty-six; which is the same thing as to 
assert that a new-bom child at Ostend has an ex« 
pectation of thirty-five and a half years of life. The 
Roman allowance from birth, d primci cetatey was 
thirty years. If we suppose the Romans deducted 
from the real value of life five and a half years for 
the interest of money, it would bring the Roman 
allowance and the duration of life at Ostend to the 
same. The like deduction at the age of seventeen 
would likewise bring the probability of life in both 
cases to the same. It is not likely that the Romans, 
without any record of the individual facts, and 
acting only on a general principle of utility, the 
best they could find, would make any variation for 
the intermediate years of childhood and youth: 
•consequently the presumption is, that the duration 
of life at Rome, 1300 years ago, was very much the 
same as it is throughout Europe at the present day. 
This estimate, however, for the reasons already 
assigned, includes only the resident citizens of 
Rome, the male sex, and the higher classes. 
What the mortality was at Rome among the lower 
class, including the slaves — what it was in the 
Roman provinces, and in the less civilized countries 
of that age — we have no means of forming even a 
eonjecture. What it was in "Bvrco^^ dviTm^ the 
■^ xeeding ages of baTbarista we ^o -noX-VTv^-T^ % V^ 
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lized Rome, the value of life had probably 
shed a yerj high point; in barbarian Europe 
may be sure it fell to an exceedingly low point, 
m tibat low point, in civilized Europe, it haa 
a slowly but gradually rising, until, in modem 
es, the whole mass of the European population 
, to say the very least, reached the highest 
It attained by the select class in ancient Rome. 
; in some favoured spots in Europe, the whole 
iS has advanced considerably beyond the select 
M in ancient Rome. In England, for example, 
expectation of life, at the present day, for the 
m of the people, as compared with that of the 
» at Ostend, which, as has been shown, is the 
le as that of the whole of Europe, is as foUows :-^ 
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It should be borne in mind that the females of 
the mass exceed in duration the lives of the males 
at every age by two or three years. 

The earliest statistical document bearing on the 
rate of mortality, in any European nation, emei^ng 
from the state of barbarism, appears to be a manu- 
script of the fourteenth century, relating to the 
mortality of Paris, from which M. Villerm^ has 
calculated that the mortality of Paris at that period 
was one in sixteen. How the individual facts 
contained in this manuscript were collected, from 
which M. Villermf^'s calculation is made, does not 
appear; and it makes the mortality so excessive 
as to be altogether incredible. Yet a statement 
scarcely less extraordinary is made with regard to 
Stockholm, in the middle of the last century. 
From a table given by Dr. Price, vol. ii., p. 411, 
it appears that, for all Sweden, between the^'ears 
1756 and 1763, the expectation of life 

Of males at birth, was Females, 
33^ years. 35|- years, 

while at the same time it^was at Stockholm, 
For males at birth. Females, 

144- years. • 18 years. 

Whereas, for the twenty years preceding 1800, it 
was, for all Sweden, at birth. 

Males, 34|^. Females, 37i. 

Hitherto, in all places which man has made his 
abode, noxious agents ha^e been present which act 
injuriouBly upon his body, Uxi^vftV^X^ ^\xs^ ^^ 
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actions of its economy, and ultimately to extinguish 
life. All these noxious agents, of whatever name 
or quality, may be included under the term Causes 
of Mortality. Inherent in the constitution of the 
body are conservative powers, the tendency of 
which is to resist the influence of these causes 
of mortality. The actual mortality at all times 
will of course be according to the relative strength 
of these destructive agents, and the relative weak- 
ness of these conservative powers. There are 
states of the system tending to enfeeble these con- 
servative powers. Such states become tests, often 
exceedingly delicate, of the presence and power of 
the destructive agents to which the body is ex- 
posed ; and such, more especially, are, the states 
of parturition, infancy, and sickness. During 
the prevalence of these states, in which the con- 
servative powers of the body are weak, life is 
destroyed by causes which do not prove mortal in 
other conditions of the system. Accordingly, in 
every age and country, the rate of mortality among 
its lying-in women, its infants and its sick, may be 
taken as a measure of the degree in which the state 
of the whole population is favourable or un- 
favourable to life. 

The change that has taken place in the condition 
of lying-in women during the last century in all 
the nations of Europe cannot be contemplated 
without astonishment. The mortality oi V^^a%\\^ 
women in France, at the H6te\ Dieu. oi '?^f»^'\Si 
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1180, in stated to have been one in 15. In 
1811, for the whole kingdom of Prussia, including 
ftil ranks, it was one in 1 1 2. In England, in the 
year 1*750, at the British Lying-in Hospital of 
London, it was one in 42; in 1180, it dimi- 
nished to one in 60; in the years between 1*789 
and 1198, it further decveased to one in 288; in 
1822, at the Lying-in Hospital of Dublin, it was 
no more than one in 223; while during the last 
jfifteen years at Lewes, a healthy provincial town, 
out of 2410 cases there have been only two deaths, 
that is, one in 1205. There is no reason to sup* 
pose that the mortality in the state of parturition 
is less at Lewes than in any other equally heal^y 
country-town in England. 

Equally striking is ^ proof of the diminished 
violence of the prevalent causes of disease and death 
derived from the diminished mortahty of children, 
the vital power of resistance being always compa- 
ratively weak in the human infant, and conse- 
quently, the agents that prove destructive to life 
exerting their main force on the new bom, and on 
those of tender age. From mortuary tables, pre- 
served with considerable accuracy at Geneva since 
the year 1 566, it appears that at the time of the 
Reformation one-half of the children bom died 
within the sixth year; in the seventeenth century, 
not till within the twelfth year; in the eighteenth 
century f not until the twenty-aeveiTLtlcL ^^ar ; conse • 
queptly, in the space of abowt ii>Kxefe ceaXxsrss^^^^bR. 
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pfobability that a cluld bom in Genera would 
arrive at maturity has increased fivefold. In the 
present day, at Ostend, only half of the new-bom 
children attain the age of thirty; whereas, in Enfj^ 
land, they attain the age of forty- five. 

No less remarkable is the progressive diminution 
of mortality among the sick of all ages. Hippo- 
crates has left a statement, which has come down 
to our times, of the history and fate of forty-two 
cases of acute disease. Out of this number, thirty- 
seven were cases of continued fever; of these thirty- 
seven febrile cases twenty-one died, above half of 
the whole. The remaining five were cases of local 
inflammation, and of these four were fatal ; thus, 
of the whole number of the sick (forty-two), 
twenty-five were lost. Now, even in the Fever 
Hospital of London, to which, for the most part, 
only the worst cases that occur in the metropolis 
are sent, and even of these many not until so late 
a period of the disease that all hope of recovery is 
extinct, the mortality ranges in different years from 
one in six to one in twelve; and for a period of ten 
consecutive years, it is no more than one in seven; 
while, in the Dublin Fever Hospital, where most 
of the cases are sent very early, the average mor- 
tality from 1804 to 1812 was one in twelve. At 
the Imperial Hospital at Petersburg, the average 
mortality for fourteen years, ending in 1817, was 
one in four and a half. In the Charitti of Beilvcv^ 
on an average of twenty years, from n% \.o \^V\ ^ 
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it was one in six. At Dresden, it was one in seven ; 
at Munich, it was one .in nine, the lowest of any 
hospital of equal size in Germany. In the year 
1685, the average mortality at St. Bartholomew's 
and St. Thomas's Hospitals was from one in seven 
to one in ten. During the ten years from 17 73 to 
1783, it decreased to one in fourteen. From 1803 
to 1813, it was one in sixteen. The average for 
fifty years from 1764 to 1813, was one in fifteen. 
In the smaller towns, the mortality is still less. It 
is less in Edinburgh and Dublin than in London ; 
while in the hospital, at Bath during 1827, even 
among the physician's patients, the mortality was 
only one in twenty. In the German provincial 
towns, the diminution is still more remarkable. 
In the hospital at Gottingen, for example, it is 
only one in twenty-one. 

If the accuracy of these statements could be 
relied on, they would not only afford striking illus- 
trations of the well-known fact that extraordinary 
differences prevail in the rate of mortality in diffe- 
rent places, at different periods, and under diffe- 
rent circumstances ; but they would further prove 
that, during the last century, a steady and progres- 
sive diminution of mortality has taken place in all 
the countries of Europe. But of the truth of this 
there is much more certain evidence than can be 
derived from calculations, the trustworthiness of 
the data of which is not established, and the cor- 
rectaess of the calculatois iio\.\iiknr«\i. "S^^^n^cl \Jca 
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fluctuations of mortality and the increase in the 
value of life in the different countries of Europe, 
from the earliest period when statistical facts began 
to be collected and compared, are exhibited in a 
striking point of view in the following table, drawn 
up by Mr. Finlaison. The facts relating to selected 
lives and to the mass of the people are distinguished 
from each other, in order that they may be con- 
trasted. The data are derived from the most au- 
thentic sources, and the calculations are made hj 
men of the highest authority* 
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Let US trace from this table the difierences that 
hate taken place, in different countries at different 
perioda, in the duration of life at a given age. Let 
ua take the age given in the first column^ namely, 
fifty. Assuming, then, the highest degree of lon- 
gevity hitherto attained at the age of fifty to be 
twenty-three years, it appears that, between the 
years 1700 and 1725, the mass of the people in 
Breslau, in Silesia, fell short of reaching this period 
by 275 weeks; the inhabitants of the town of 
Ostend in Flanders, between 1805 and 1832, by 
276 weeks ; the nominees of the tontine of Eng- 
land, between the years 1693 and 1775, by 269 
weeks; the inhabitants of the town of Northamp- 
ton in England, between 1735 and 1780, by 209 
weeks; the mass of the people in Sweden, between 
1775 and 1795, by 207 weeks; the public annui- 
tants of Holland, between 1615 and 1740, by 186 
weeks; the inhabitants of all Belgium, between 
1725 and 1832, by 183 weeks; the persons assured 
at the Equitable Office, between 1760 and 1834, 
by 1 19 weeks ; the inhabitants of all England and 
Wales, between 1811 and 1831, by 100 weeks; 
the English government annuitants, between 1775 
and 1832, only by 35 weeks. 

From these statements, it appears that, towards 

the close of the seventeenth century, the duration 

of life in England was considerably less than in 

France: lesa even than in HoWand Tve«cV] %. ^<^\v- 

turjr earlier. Thus, the nomineea ol t\ie \ou\Aafc ^^ 
you /. u 
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France, between the years 1693 and 1745, at the 
age of fifty 9 according to M. De Parcieux, fell short 
of the maximum longevity by 133 weeks; the pub-* 
lie annuitants of Holland, seventy-eight years be- 
fore, namely, between the years 1615 and 1140i 
according to M. Kersseboom, fell short o£ the 
maximum longevity by 186 weeks; whereas^ the 
nominees of the tontine of England, between the 
years 1693 and 1775, according to Mr. Finlaisoii, 
fell short of it by 269 weeks; a difference nearly 
double that of Holland, and quite double that of 
France in persons of the corresponding rank in 
society- 

Since that period, surprising changes have taken 
place in all the nations of Europe; but in none has 
the change been so great as in England. From 
that period, when its mortality exceeded that of 
any great and prosperous European country, its 
mortality has been steadily diminishing, and at 
the present time the value of life is greater in 
England than in any other country in the world. 
Not only has the value of life been regularly in- 
creasing until it has advanced beyond that of any 
country of which there is any record ; but the re- 
markable fact is estabUshed, that the whole masa 
of its people now live considerably longer than its 
higher classes did in the seventeenth and eighteenth 
centuries. Thus, by inspecting the preceding table^ 
it will be seen that betweeiv ^^ ^eaxa 1693 and 
1715, the nomincea of tlae tum^Ti^ oi ^E^«x^<^ ^ 
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the age of fifty, fell short of the maximum longe- 
vity by 269 weeks; whereas, the mass of the peo- 
ple in all England and Wales, between the years 
1811 and 1831, fell short of it only by 100 weeks; 
the entire mass having not only reached the select 
clatM, bat absolutely advanced beyond it by 169 
weeks. 

There cannot be a more interesting and instruc- 
tive thing than to connect these facts with their 
causes. This will be attempted in a subsequent 
part of this work ; but the reader will be incom- 
parably better prepared for the investigation when 
the processes of life have been explained, and the 
influence of physical and moral agents upon them 
traced. And with this exposition we now proceed. 



CHAPTER V. 

Ultimate elementi of which the body is eompoiec) — ^Proii* 
mate principles—Fluids and solids — ^Primary tissuefr— 
Combinations — Results — Org^s, systems, apparatus^ 
Form of the body— Division into head, trunk, and ex- 
tremities — Structure and function of each — ^Region** 
Seats of the more important internal oi^ans. 

1. The ultimate elements of which the human 
body is composed are azote, oxygen, and hydrogen 
(gaseous fluids); and carbon, phosphorus, cal- 
cium, sulphur, sodium, potassium, magnedum, 
and iron (solid substances). These bodies aie 
called elementary and ultimate, because they are 
capable of being resolved by no known process 
into more simple substances. 

2. These elementary bodies unite with etch 
other in different proportions, and thus form com- 
pound substances. A certain proportion of azote 
uniting with a certain proportion of oxygen, hydro- 
gen, and carbon, forms a compound substance pos- 
sessing certain properties. Another proportion of 
azote imiting with a different proportion of oxygen, 
hydrogen, and carbon, forms another com^und 
substance possessing properties different from the 
former. Oxygen, hydrogen, and carbon, uniting 
in still different propoTtioaamX\iou\.«K^ %^sik\i»3QSft 
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of azote, fonn a third compound poneaung pro- 
pertiea different from either of the preceding. The 
compounds thus formed by the primary combina- 
tions of the elementary substances with each other 
are called pkoximate prihciplbs. 

3. Each proximate principle constitutes a dis- 
tinct form of animal matter, of which the most 
important are named gelatin, albumen, fibrin, oily 
or fatty matter, mucus, urea, pichromel, osma- 
zome, resin, and sugar. 

4. By chemical analysis it is ascertained that 
all the proximate principles of the body, however 
they may differ from each other in appearance and 
in properties, are composed of the same ultimate 
elements. Gelatin, for example, consists (in 100 
parts) of azote leiViftr* oxygen 27TWr> hydrogen 
7tV^ carbon 47i^V parts. The elementary 
bodies uniting in the above proportions form an 
animal substance, soft, tremulous, solid, soluble in 
water, especially when heated, and on cooling, 
which may be considered as its distinctive pro- 
perty, separating from its solution in water into 
tke same solid substance, without undergoing any 
change in its chemical constitution. 

5. Again, albumen consists of azote 15|Z^^, 
oxygen 23tVoV» hydrogen I-AVb-, carbon 52TVWr. 
parts. The elementary bodies uniting in these 
different proportions, there results a second proxi- 
mate principle, an adhesive fluid, traxMS^^c^XiX.^ 
dartitate of smell and taste, misci\>\e vci ^^\.ex^\»>\X 
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form. The excess, according to the lowest esti- 
mate, is as 6 to 1, and according to the highest, 
as 10 to 1. But the proportion is never constant; 
it varies according to age and to the state of the 
health. The younger the age, the greater the pre- 
ponderance of the fluids. The human emhryo, 
when first perceptihle, is almost wholly fluid : 
solid suhstances are gradually hut slowly super- 
added, and even after birth the preponderance is 
strictly according to age; for in the infant, the 
fluids abound more than in the child ; in the child, 
ihore than in the youth ; in the youth, more than 
in the adolescent; in the adolescent, more than in 
the adult; and in the adult, more than in the aged. 
Thus, among the changes that take place in the 
physical constitution of the body in the progress of 
life, one of the most remarkable is the successive 
increase in the proportion of its solid matter: 
hence the softness and soundness of the body in 
youth; its hard, unequal, and angular surface in 
advanced life; its progressively increasing fixed- 
ness and immobility in old age, and ultimate in- 
evitable death. 

1 4.^ The fluids are not only more abimdant than 
tiie solids, but they are also more important, as 
they afford the immediate material of the organi- 
zation of the body ; the media by which both its 
composition and its decomposition are effected. 
Thej bear nourishment to eveq t^wI, wvd\s^ them 
are carried out of the syBtein. iU TiO'x.\wi» wA -wfc- 
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less matter. In tlie brain they lay down the soft 
and delicate cerebral substance ; in the bone, the 
hard and compact osseous matter; and the worn- 
out particles of both are removed by their instru- 
mentality. Every part of the body is a laboratory 
in which complicated and transforming changes 
go on every instant ; the 6uids are the materials 
on which these changes are wrought ; chemistr}' is 
the agent by which they are effected, and life is 
the governing power under whose control they 
take place. 

15. The fluids, composed principally of water 
holding solid matter in solution, or in a state of 
mechanical division, either contribute to the for- 
mation of the blood, or constitute the blood, or 
are derived from the blood; and after having 
served some special office in a particular part of 
the system, are returned to the blood ; and accord- 
ing to the nature and proportion of the substanceb 
they contain, are either aqueous, albuminous, mu- 
cous, gelatinous, fibrinous, oleaginous, resinous, or 
saline. 

16. When the analysis of the different kinds 
of animal matter that enter into the composition 
of the body has been carried to its ultimate point, 
it appears to be resolvable into two primitive forms : 
first, a substance capable of coagulation, but pos- 
sessing no determinate figure; and secondly .^ ^i^ 
substance having a determinate &^t^ «xA c^tw^v^*- 

iag' of rounded particles. The co«L^\A«XAa«vsfe^\»xv^^ 

13. -i 
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is capable of eiistiiig by itself; the rounded pai« 
tides are never found alone, but are invariably 
combined with coagulated or coagulable matter. 
Alone or combined with the rounded particles, the 
coagulable matter forms, when liquid, the fluids, 
when coagulated, the solids. 

17. When solid, the coagulable substance is 
disposed in one of two forms, either in that of 
minute threads or fibres, or in that of minute 
plates or laminae ; hence every solid of the body 
is said to be either fibrous or laminated. The 
fibres or laminae are variously interwoven and in- 
terlaced,, so as to form a net- work or mesh ; and 
the interspaces between the fibres or laminae are 
commonly denominated areolae or cells (fig* XVII). 

18. This concrete substance, fibrous or lami- 
nated, is variously modified either alone or in com- 
bination with the rounded particles. These diffe- 
rent modifications and combinations ccmstitute 
different kinds of organic substance. When so 
distioct is obviously to possess a peculiar struc- 
ture and peculiar properties, each of these modifi- 
cations is considered as a separate form . of organ- 
ized matter, and is called a primart tkssue. 
Anatomists and physiologists have been at great 
pains to discriminate and classify these primary 
tissues ;. for it is found that when »nployc4 in the 
composition of tibe body, each preserves its peculiar 

etructure and properties Tfl[ifiTe7<T i^ftced, howler 
camhined, and to wtatever ignocrewfc ^^B^JbR^v^Q^B^^ 
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going only such modification as its local con- 
nexions and specific uses render indispensable. 
Considering every substance employed in the con- 
struction of the body, not very obviously alike, as 
a distinct form of organized matter, these primary 
tissues may be said to consist of five, namely, the 
membranous, the cartilaginous, the osseous, the 
muscular, and the nervous. 

19. The first primary tissue is the peculiar 
substance termed membranb. It has been already 
stated (16) that one of the ultimate forms of animal 
matter is a coagulable substance, becoming con- 
crete or solid under the process of coagulation. 
The commencement of organization seems to be 
the arrangement of this concrete matter into 
straight thready lines, at first so small as to be im- 
perceptible to the naked eye. Vast numbers of 
these threads.successively uniting, at length form a 
single thread of sufficient magnitude to be vi- 
sible, but still smaller than the finest thread of 
the silkworm. If the length of these threads 
be greater than their breadth, they arc called 
fibres ; if, on the contrary, their breadth exceed 
their length, they are termed plates or laminae. 
By the approximation of these fibres or plates in 
every possible direction, and by their accumula- 
tion, combination, and condensation, is constituted 
the simplest form of organized substance, the pri- 
mary tissue called membrane. 
20. Membrane once formed ia exteosiNf^'^j ^t^o 
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ployed in the composition of the hody : it is indeed 
the material principally used in producing, cover- 
ing, containing, protecting, and fixing every other 
component part of it. It forms the main bulk of 
the cartilaginous tissue ; it receives into its cells 
the earthy matter on which depend the strength 
and hardness of the osseous tissue; it composes 
the canals or sheaths in which are deposited the 
ddicate substance of the muscular, and the still 
more tender pulp of the nervous tissue ; it gives 
an external covering to the entire body ; it lines 
all its internal surfaces ; it envelopes all internal 
oigans ; it enters largely as a component element 
into the substance of every organ of every kind ; it 
almost wholly constitutes all the internal pouches 
and sacs, such as the stomach, the intestines, the 
bladder ; and all tubes and vessels, such as arte- 
ries, veins, and lymphatics ; it furnishes the com- 
mon substance in which all the parts of the body 
are, as it were, packed ; it fills up the interstices 
between them ; it fixes them in their several situ- 
ations ; it connects them all together ; in a word, 
it forms the basis upon which the other parts are 
superinduced; or rather the mould into which 
their particles are deposited ; so that weie it pos- 
sible to remove every other kind of matter, and to 
leave this primary tissue unaltered in figure and 
imdimihished in bulk, the general form and outline 
of the bodjy as well as the form and outline of all 
its^Jndiyidwd paits, would xemuLXi xnkj^uuoi^gs^ 
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21. The propertieB which belong to membrane 
are cohesion, flexibility, extensibility, and elasticity. 
By its property of cohesion, the several parts of 
the body are held together ; by its combined pro- 
perties of cohesion, flexibility, and extensibility, 
the body in general is rendered strong, light, and 
yielding, while particular parts of it are made 
capable of free motion. But elasticity, that pro- 
perty by which parts removed from their situation 
in the necessary actions of life are restored to their 
natural position, may be regarded as its specific 
property. The varied purposes accomplished in 
the economy by the property of elasticity will be 
apparent as we advance in our subject. Mean- 
time, it will suffice to observe that it is indispen- 
sable to the action of the artery in the function of 
the circulation ; to the action of the thorax in tlie 
function of respiration ; to the action of the joints 
iu the function of locomotion : in a word, to the 
working of the entire mechanism by which motion 
of every kind and degree is eflected. All these 
properties are physical, not vital ; vital properties 
do belong even to this primary form of animal 
matter ; but they are comparatively obscure. In 
the tissue with which organization commences, 
and which is the least removed from an inorganic 
substance, the properties that are prominent and 
essential are merely physical. 

22. By chemical analysis, membrane is found 
to contain but . a small propoxtioii oi m^cA&^ \>^fe 
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peculiar element of animal matter. Its proximate 
principles are gelatin, albumen, and mucuiL In 
infancy and youth, gelatin is the most abundant 
ingredient ; at a more advanced period, albumen 
predominates*. Gelatin differs from albumen in 
containing a less proportion of azote and a greater 
proportion of oxygen ; on both accounts it mual be 
regarded as less animalized. Thus animaliwfttion 
bears a certain relation to organization* Thi 
simplest animal tissue is the least animalized^ mmI 
the least of all at the earliest period of life; Nil 
only are the physical and mental powers leM fho 
veloped in the young than in the adult, bul tjh| 
very chemical composition of the primary iiamm^t 
which the body is constructed is less characfeerMto 
of the perflect animal. 

23^ Membrane exists imder several distiact 
forms ; a knowledge of the peculiarities of which 
will materially assist us in understanding the com- 
position of the body. The simplest form of mem- 
brane, and that which is conceived to constitute 
the original structure from which all the others 
are produced, is termed the cellular. When in 
thin slices, celltUar membrane appears as a semi- 
tlransparent and colourless substance; when ex- 

* Hence in the preparation of jelly as an article of diet, 
the partfl of young animals, as the feet of the calf, are prin- 
cipally employed ; whereas sonps made from beef contain 

a /arffe proportion of a\bumeti, vf Vv\le in those made from 

WAi the proportion of jeWy pi«poivd«c«.^e«. 
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arained in thicker maeees, it i« of & whitisli nr 
greyish colour. It conaiats of minute threitd!, 
which croBS each other in every possible direction, 
leaving apaces between them, and thus forming a 
mesh or net-work (fig. XVII.), not nnlike the 
Fig. XVII. 




A iingle film of Ibe cellnlu 1 giue lifted up and 

»l'glitiy (1 [.tended. 

apidec'a web. Tbe term celts, given to these in- 
tenpaceti, ii employed rather in a figurative Benee 
than as the expresBion of the fact^ for theie are 
no such distinct partitions as the term cell implies. 
The best concepElon that can be formed of the 
arrangement of the component parti of this struc- 
ture is, to HUppoie a aubsUncc consisting of an 
iniinite number of slender thieady lines crossing 
each other in ,every possible direction (fig. XVIL). 
The iaterapacea between these lines during life, 
,*Bd in tfie state of Jiealth, ue &^le&. 'v'tf^ «. 'Ci&.iv 
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exhalation of an aqueous nature, a vapour rather 
than a fluid, rendering and keeping the tissue 
always moist. This vapour consists of the thinner 
part of the blood, poured into these interstitial 
spaces by a process hereafter to be described, 
termed secretion. When occupying those spaces, it 
makes no long abode within them, but is speedily 
removed by the process of absorption. In health, 
these two operations exactly equal each other; but 
if any cause arise to disturb the equilibrium, the 
vapour accumulates, condenses and forms an 
aqueous fluid, which distends the cells and gravi- 
tates to the most depending parts. Slightly or« 
ganized as this tissue is, and indistinct as its vita 
functions may be, it is obvious that it must be 
the seat of at least two vital functions, secretion 
and absorption. 

24. It is certain that the interspaces or cells of 
this membrane have no determinate form or size, 
that they communicate freely with each other, and 
that this communication extends over the whole 
body ; for if a limb which has been infiltrated be 
frozen, a thousand small icicles will be formed, 
assuming the shape of the containing cells, some 
of which are found to be circular and others cylin- 
drical, and so on. If air or water escape into any 
particular part of the body, it is often effused over 
the whole extent of it, and butchers are observed 
to inBate animals by makm§ a puncture in some 
part where the cellu\ax tiaaxift \* \oo^t^ %sA ^iwsl 
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me aperture the air ia forced la the newt 
at pttTta of the body. 

. Cellular membrane, varioutly modified and 
•edj forma the main bulk of all the other 
parta of the body, constituting thdi common 
lope and bond of union, and filling up all their 
iticea. It is dense or looce, coarse or fine, 
■ding to ita situation and office. Wherever it 
^ect to prenure, it is dense and firm, aa in 
lalm of the band and the sole (tf the foot; 
id the internal oi^ns it is more loose and 
ate, and it becomes finer and finer as it diridea 
rabdindea, in order to envelope the aoft and 
IT structures of the body. 
. According to some who have carefully ez- 
ed vith the microscope its component thread*, 
consist of minute particles of a globular figure 
XVIII.)' other microscopical obcerveri re- 




lioBof MlliilaTtiaue, varr highly iii&piilled,ihoirin^ 
aagw et /^obalei of which ill oWiUKtc ttta«a <n\>^ 
■one tuppoied to cotuiit. 
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ft>rd the cellular threads aa coa^Med or can* 
densed animal Bubstance, perfectly amorphnH 
(without £>rm). 

27. Sverj part of this tisBue is penetnttad bf 
Mteriea, leina, abwrbenti, and nervcw, eadmni^ 
it with propertiee truly vital, though in ft Igbb de> 
giee than any of the otiier primary tiBnies ; and 
varied and important as the neei are wlueti it 
•oma in the eeonmny, the most manifest, iboa^ 
certain^ not the only ones, are those whieb de- 
pend upon its phyaical properties of cohesion, 
flexibility, esteiuibilily, and elaBticity. 

28. The ttnoe which containg the fat, termed 
the adipote, is the second fonn of membisne ; it ii 
ahrimaly a nudifieation of the cellular, - frtnu 



Fig. XIX. 
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\A hich it difiers both in the magnitude ot its iibrcs, 
whence it constitutes a tougher and coarser web, 
and in their arrangement ; for it is so disposed as 
to form distinct bags in which the fat is cont&ined. 
Adipose tissue consists of rounded packets, sepa- 
rated from -each other by furrows (fig. XIX. 2, 
2) ; each packet is composed of small spheroidal 
particles (fig. XIX. 2, 2) ; each particle is again 
divisible iolo stall smaller grains, which, on minute 
inspfHnifii, present the appearance of vesides filled 
witk'&e adipose matter (fig. XIX. 3). 

S9. The cells of the cellular tissue, as has Iwen 
slavni <24), tie osDtiiuious over the whole body ; 
b«tc»di sdipflMPtipride is a distiitct hsg, having <no 
ronwimimtifin wlistnrrT iririi any nftrr (ig. XIX. 
2, 2). TIhs ccflidar tissue is universadly diffused ; 
but the «fipose is placed only in particular parts of 
the body ; principally beneath the skin, and more 
especially between the skin and the abdominal 
muscles, and around some of the organs contained 
in the chest and abdomen, as the heart, the kid- 
neys, the mesentery, and the omenta. In most of 
these situations some portion of it is generally 
found, whatever !« the degree of leanness to which 
the body may be reduced ; while in the cranium, 
the Twain, the eye, the ear, the nose, and several 
other organs, there is none, whatever be the de- 
gree of corpulency. The uses of the fat, which 
are various, will be stated hereafter. 

30. The third form of membrane \a tfsns\e^ >^i^ 
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lerotti. Like the ftdipose, terous membrime » a 
modification of the cdlular, and, like it alao, it it 
limited in its utuation to particular parte of tte 
body, that is, to its three great cavities, namely, 
the head, the cheBt, and the abdomen. To the 
two latter it affords an internal lining, and to all 
the oigana contained in all the three cavities, it 
^g- XX. 



A portion of intestine, showing its eitemal mitfate at 

affords a covering. By its external surface it ia 
united to the wdl of the cavity oi the Bubatance 
of the organ it tnvestH; by its iateraal sur&ee it 
is free and unattached ; whence this surface is in 
contact only with itself, forming a close cavity at 
shut sac, having no communication with the ex- 
ternal air. Smooth and polished (fig. XX.), it is 
rendered moiet by a fluid which ie supposed to he 
exhaled in a gaseous state from the serum of the 
bloodj and from this serous fluid the membrane 
derives iU narae. 
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31* Though thin, serous membrane is deusc, 
compact, and of great strength in proportion to 
its bulk : it is extensible and elastic ; extensible, 
for it expands with the dilatation of the chest 
in inspiration; elastic, for it contracts with the 
diminished size of the chest in expiration. In 
like manner, it stretches with the enlargement of 
the stomach during a hearty meal, and contracts 
as the stomach gradually diminishes on emptying 
itself of its contents. It is furnished with no 
blood-vessels large enough to admit the colour- 
ing matter of the blood ; but it is supplied with 
a gnat number of the colourless vessels termed 
exhalents, with the vessels termed absorbents, 
and with a few nerves. It indicates no vital pro- 
perties, but those which are common to the simple 
form of the primary tissue. Its specific uses are 
to afiford a lining to the internal cavities ; to fur- 
nish a covering to the internal organs; by its 
polished and smooth surface, to allow a free motion 
of those organs on each other, and by the moisture 
with which it is lubricated, to prevent them from 
adhering together, however closely, or for however 
long a period they may be in contact. 

32. The fourth form of membrane, the^6rou^, 
named from the obvious arrangement of its com- 
ponent parts, consists of longitudinal fibres, large 
enough to be visible to the naked eye, placed 
parallel to each other, and closely \m\t«A.. '^wsv'^.- 
timea these fibres are combiued iiv «\ic\i «k Twwvwvst 
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as to form a eaatxanaaB and extended surfiice, 
oonstitotuig a thui, unoodi, dense, amd stnng 
membiaiie, such as that which lines the exieraai 
surface of hones tenned FBaiosTSUM , or the inter- 
nal smfiM^e of the skuU (dura mater). At other 
times, tiiey fonn a finn and tongh expuuBon 
(aponeurosis) which descends between certan 
mnscks, separating them firom each other, and 
affiirding a fibced point for the origin or insertioii 
of neighhoming mnscles; or which is stretdwd 
over muscles, and sometimes over even an entire 
limb, in order to confine the mnscles firmly in 
their situation, and to aid and direct their action 
(fig. XXVII.). Fibrous membrane also consti- 
tutes the compact, strong, toi^h, and flexible 
bands used for tying parts firmly together, termed 
LIGAMENTS, principally employed in connecting 
the bones with each other, and particularly about 
the joints; and lastly, fibrous membrane forms the 
rounded white cords in which muscles often ter- 
minate, called TENnoNS (fig. XXV., XXVI.), the 
principal use of which is to connect the muscles 
with the bones, and to serve as cords or ropes to 
transmit the action of the muscle to a distant 
point, in the accomplishment of which purposes 
their operation appears to be entirely mechanical. 
33. The fifth form of membrane, the fnucous 
(fig. XXL), derives its name from the peculiar fluid 
with which its surface is covcteA, called mucus, 
aad which ib secreted by numeToxis TowvxsXfc ^vxAii.^ 
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dded in tbe snbatance of the membrane. As 
m membrane forms a shut lac, completely n- 
i^ the air, mucons membrane, <» the contnty, 
Ak varioue cavitiea wbicb. are expcned to the 
iDcb as the mouth, the noatrila, the wind-pipe, 
lollet, the stomach, the inlcBtinei, the minaiy 
■B, and the uterine system. Its internal sur- 
or that by which it is attached to the passages 
es, is smooth and dense ; its external auiface, 
at which is exposed to the contact of the air, 
tmd pulpy, like the pile of velvet {fig. XXI.). 
an a considerable resemblance to the external 
ce of the rind of the ripe peach. 




Ice all the other tissues of this class, the nuicouk 
iniie* are the immediate se&t of WKnft <>( 'i!i^« 
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most important functions of the economy ; in the 
lung, of respiration ; in the stomach, of digestion ; 
in one part of the intestine, of chyMcation ; in 
another, of excretion; while in the mouth and 
nose, they are the seat of the animal functions of 
taste and smell ; atid they are highly organized in 
accordance with the importance of the functions 
they perform. 

34. The last form of membrane which it is ne- 
cessary to our present purpose to particularize, is 
that which constitutes the external covering of the 
body, and which is called the skin. The skin is 
everjrwhere directly continuous with the mucous 
membranes that line the internal passages, and its 
structure is perfectly analogous. Both the external 
and the internal surface of the body may be said 
therefore to be covered by a continuous membrane, 
possessing essentially the same organization, and 
almost identically the same chemical composition. 
The skin is an organ which performs exceedingly 
varied and important functions in the economy, to 
the understanding of which it is necessary to have 
a clear conception of its structure ; some further 
account of it will therefore be required ; but this 
will be more advantageously given when the offices 
it serves are explained. 

35. Such is the structure, and such are the pro- 
perties, of the first distinct form of organized matter. 

The second primary t\%wxe^ termed the cartitji- 

GINOVS (fig. XXTI.), *\a a «^x\i«X"MVe.^ \\V\BCTOS^^^ 



CAHTILABIMOUS TIMUK. 




VotHont of cattilage, itcu 



between membruie uDd bone. The nature of its 
not clearly ascertaiced. By some 
is legarded as a uniform and homo~ 
■ aabstance, like firm jelly, witbout fibrea, 
I, or cells; others state that they have been 
able to detect in it longitudinal fibres, interlaced 
I^ other fibres in an oblique and tronsveree direc- 
tioi^ bat witbout detennioate order. All are agreed 
that it is without nsible vessels or nerve* : not that 
it issiqiposed tobedestituteof them, butthat they 
are w minute as to dude observadoQ. 
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properties are ^vbolly mechanical. It is dense, 
strong, inextensible, flexible, and highly elastic. 
It is chiefly by its property of elasticity that it 
accomplishes the various pmrposes it serves in the 
economy. It is placed at the extremities of bones, 
especially about the •joints, where, by its smooth 
surface, it facilitates motion, and, by its yielding 
nature, prevents the shock or jar which would be 
produced were the same kind and de^e of motion 
eifected by a rigid and inflexible substance. 
Where a certain degree of strength with a con- 
siderable degree of flexibility are required, it sup- 
plies the place of bone, as in the spinal column, 
the ribs and the larynx. 

36. The third distinct form of organized matter 
is termed the osseous tissue. Bone is composed 
of two distinct substances, an animal and an 
earthy matter: the former organic, the latter inor- 
ganic. The animal or organic matter is analogous 
both in its nature and in its arrangement to cellu- 
lar tissue ; the earthy or inorganic matter consists 
of phosphoric acid combined with lime, forming 
phosphate of lime. The cellular tissue is aggre* 
gated into plates or laminae, which are placed one 
upon another, leaving between them interspaces 
or cells, in which is deposited the earthy matter 
(phosphate of lime). If a bone, for example, the 
bone called the radius, one of the bones of the 
fore-arm, be immersed in diluted sulphuric, nitric, 
mtiriatiCj or acetic acid, \t leldw^ \\.'& <yrs%vRal bulk 




MembraiKHil portion of bon«) the uaeoua partiun being 
■0 campletsty nmOTed, that the bone in capable uf bEing 

tied in a luial. 
and shape ; it lotee, however, a considerabte poi- 
tion of its weight, while it becomes bo soft and 
pliable, that it may be tied in a knot (iig. XXIII.)- 
In this caae, its earthy matter is removed by the 
agency of the acid, and is held in solution in the 
fluid; what remains is mcmbTauous matter (cellu- 
lar tissue). If the same bone be placed in a chat- 
coal fire, and the heat be gradually raised to 
whiteneas, it appears on cooling as white as chalk ; 
it is extremely brittle j it hag lost much of its 
weight, yet its bulk and shape continue but little 
changed. In tbia case, the mem^iaaonu i&«.V\fi,i u- 
\1 



t FBiLosorBi or bkai.tii. 




Bvthj partMB •( boM. 

wholly conautoed b; the fac, while 1^ earth u left 
unchanged (6g, XZIV.}. Bvaij raaititueDt atom 
of bone coniists, then, CMO^i&r of animal and 
earthy matter intimately coHbined. A little more 
than one-third fut unaiBta of animal matter 
(albumen), the ■■"■"■■■■■■{[ two-thirda conust of 
earthy matter ({^M^iMOc of lime) ; other saline 
■ubstances, aa the fluate of lime and the phosphate 
o£ maffpesa, are also found in minute QUMBtil7« but 
they are not peculiar to bone. 

37. Itt geneFol, the ooBeom tissue ie [daced in 
the interior of the body. Even when bone i^ 
poaches the nuface, it is always coTcrEct by soft 
parts. It ia nipplied with but few blood-Teneb, 
with still fewer nerves, widt no absorbents hige 
eDo;%h to be vinUe, so that though it be tmlj 
olive, yet ita vital properties are not greatly de- 
vdoped. The arrangement of its component par- 
ticles ia highly carious ; the atructure, the di^o- 
sition, and the eonnexion of individual bones afibrd 
atntiag ezsmplei of mechaniem, and accamfliBh 
aotfiB^ortua uses is 'ita vateMssj\\siA^nKt 
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are dependent rather upon mechanical than 
'vitel pr op er ti es. The chief uses of bone are — 
1 • By its hardness and firmness to afford a support 
to the soft parts, forming pillars to which the more 
delicate and flexible organs are attached and kept in 
their relative positions. 2. To defend the soft and 
tender organs by forming a case in which they are 
lodged and protected, as that formed by the bones 
of the cranium for the lodgment and protection of 
the Inain (fig. XLVIL); by the bones of the spinal 
column for the lodgment and protection of the spinal 
cord (fig. XLVIIL); by the bones of the thorax 
(fig. LIX.), for the lodgment and protection of the 
lungs, the heart, and the great vessels connected 
with it (fig. LIX.). 3. By afiinding fixed points 
for the action of l3ie muadea, and by assisting in 
the formation of joints to aid the muscles in ac* 
complishing the function of locomotion. 

38. All the ponmy tiasneB which have now 
been considered consist d precisely the same 
proximate principles. Albumen is the basis of 
them all ; with the albumen is always mixed more 
or less gelatin, together with a minute quantity of 
saline substance : to the osseous tissue is super- 
added a large proportion of earthy matter. With 
the exiception of the mucous, the organization of 
all tiiese tissues is simple; their vital properties 
are low in kind and in degree ; their decided pro- 
perties are physical, and the uses they serve iw thft 
economy are almost wholly mecYiaxi\ca\. 
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39. But we next come to a tieaue ¥ndely difier- 
ent in evety one of those circumstances, a tisBue 
coDBisting of a new kind of animal matter, and 
endowed with a property not only peculiar to itaelf, 
but proper to living subntaace, and characteristic 
of a high degree of rital power. Muscular tissue , 
the fourth distinct form of animal matter, com- 
monly known under the name of desb, is a sub- 
stance resembling no other in nature. It consists 
of a soft and pulpy substance, having little cohe- 
sive power, arranged into Rbres which are dis< 
tinctly visible to the naked eye, and which arc 
disposed in a r^uiar and uniform manner, being 
placed close and parallel to each other (fig. XXV.). 




Portion of a muicle; ihcnriug; (d) the musculu fibres 

and their psiallal direction ; and (t) the teimiuiitiao of 

the fibtei in tendon. 

These fibres are every where pretty uniformly the 
same in shape, size, and general appearance, being 
delicate, soft, flattened, and though consisting only 
of a tender pulp, still solid (fig. XXV.). When 
examined under the microscope, fibres, which to 
tAe naked eye appear to be single threads, are seen 
to divide successively into Bmi&\« *Avc«»&a, 'Cdk 
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ininuteat ot tbe ultimate division not eiccedini^, 
as is supposed, the 40,000th part o{ an inch iu 
diameter. On the other huid, the fibres which 
»je large enough to be visible to the naked eye, 
are obviously aggregated into bundles of different 
magnitude in diBerent muscles, but always of 
the same uniform size in the same muscle (fig. 
XXV.). 



Fi^. XXVI. 




Two pottioDi ot muscle ; one ol which, a, i 


■ coicnd wilh 




the muicubT 







40. The ultimate thread, or the minutest divi- 
eioa of which the muscular fibre is susceptible, 
U called a filament; the smallest thread which 
can be diatingaiBhed by the ueiWed Vjt. u \£x\x«>^ ^ 
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fibre (fig. XXVI.) ; and tiM bondk «hid) n 
famed br die bdno of Ors h deaoauitttcd k 
bKacnloB. The pnper ■okbIxt wi t t i ii ce it 
thna anu^ed into tbee di rt iit ct fanas pragm- 
mndy imuMJuft is ain, — tfac fibnent, die flae, 
and dK EuocoIm. TIk Uamuit, die fibre, die 
CMcienlH, aa wdl aa die moack ttael^ facmnl b; 
die a^jTegadon of bacicoti, is each indoaed in its 
own distioct abeadi itf ccUnlar membratie (fig. 
XXTI. o). 

Fig.XXVll. 



41. Thecaapaailion of tbe uldnate filamoit haa 
been veiy carfiJIy raamined by many diadngnidied 
phyiidi^pbta widi microBcopea of high magnifying 
power. Under Rome of these microacopea die fik- 
ment appears to consist of a aeiiea of ntuuled [Mr- 
tides or globolea of the aame nze aa the particles of 
the Mood when deprived of their cokmrii^ matter, «t 
that it looka like a Btiii^ of pearla (fig. XXVIII.), 
each globule being commoaly stated to be dmut 
t&e 2000th put oi a.a 'nK\'va iaaisa»iet. *&&'«.» 




g Urn •triDgt ot globulin of which 

now pretty generally agreed that this globular ap- 
pearance of the ultimate muscular fibre vaniahea 
under tbe more improved microacopeB of tbe pre- 
aent day, and, aa viewed by the latter, appears as 
a peculiar pulpy substance arranged into threads 
of extreme minuteness, placed close and parallel 
to each other, intersected by a great number of 
delicate lines passing transveisely across the mus- 
cular threads (fig. XXIX.). 

43. With the exception of the organs of sense, 
the muBCulai tissue is more abundantly supplied 
with arteries, veins, and nerves, than any other 
substance of the body. Evenj uVjma.'ub &««,%&. ux 
eiament appeara to be provided iiifti \\vt ■A.'C\toii.\r. 




The sppesraBce of the ultimiite muaeulai fibreg and ol 

their tiaiuverM lines, as ie«n under the microscope of Mi. 

Liattr, when the obji;cC is minified 500 diameter*. 

branch of an artery, veio, and nerve, The«e 
vessels &re seen ramifying on the surface of the 
delicate web of membrane that incloEes the pulp, 
but cannot be traced into it. 

43. The proaimate principle of which the mus- 
cular pulp is composed is fibrin. From the pulp, 
when inclosed in its sheath of membraue, albumen, 
jelly, various salts, and a peculiar animal extract 
•^led usmazome, are also obtained ; but these 
substances are probably derived from the membra- 
nous, not the muscular, matter. Fibrin contains 
a la^er proportion of azote, the element peculiar 
to the animal body, and by the posBcssion of which 
its chemical composition is distinguished from that 
of the vegetable, than an^ o'iira ammalsiuhBtance. 
44. Muscular tiasvie ^oBftcfti** »■ 'S\i^v ft«.^«ft ■* 



Fig. XXX. 
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cohesion, a high d^ree of flexibility and extensi- 
bilily, but no degree of elasticity ; for although 
inuBcle, consideied as a compound of muscular 
substance and merabmne, be highly elastic, yet 
this property is probably al- 
b^tber owing tn the mem- 
branous matter in which it 
is enveloped. Its peculiar 
and distinctive property is 
vital, not physical, and con - 
sist* in the power of dimi- 
nishing its length, or of 
contractiug or shortening 
itself on the application of 
a stimulus. This property, 
which is tenned contrac- 
tility, is the great, if not 
the sole source of motion is 
the body. Without doubt, 
elasticity and gravity, under 
the generating and con- 
trolling power of contrac- 
tility, aid in accomplishing 
various kinds of motion. 
Thus membranea, tendons, 
ligaments, cartilages, and 
bones, by their physical 
and mechanical properties, 
modify, economize, facili- 
latc, coacentrate and direct 
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the motive power genentted by the pure muMuUr 
aubfltonce ; but itill the only real Bource of motion 
in the body ii muscular tdsaue, and the only mode 
in which motion is generated » by contractili^. 
This will he more fully underttood hereafter. 

46. Thelaatprimary tiEsue, termed the NBBTODS, 
is equal^ distinct in nature and peculiar in p r op e rly . 
it coi^tftof a wfl and pulpy matter, of a browniih 
white colour (fig.ZXX.). According to aome, the 
Mnmn, l&e die muscular pulp, is compoaed of 
mimttejgldlnile^aiTsnged in the same manner like a 
ltoiilgiafpnrb{6g.XXXI.); according to othen. 
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it consists of lolill elongated threads, of a cylindri- 
cal form, differing in tluckneis from thut of a hair 
to the finest fibre of iilk. The pulp, \<rhatcvcr its 
form of aggregation, is inclosed hi a sheatli of 
delicate cellular tissue. This external or contain- 
ing membrai^ is called the neurilema, or tlic 
nerve-coat; the internal or contained substance, 
the proper niervous matter, is termed the nerve- 
string. The nerve-string, enveloped in its nerve- 
coat, constitutes the nervous filament. As in the 
muscle, 80 in the nerve, many flUnnents unite to 
form a fibre, many fibres to form a fasciculus, and 
many fasciculi to form the large cord termed 
a nerve. Moreover, as in the muscle, so in tlic 
nerve, the filament, the fibre, the fasciculus, tlic 
nervous cord itsdf, are each enveloped in its own 
distinct sheath of cellular membrane; but the 
arrangement of the nervous fibres differs from tliat 
of the muscular in this, that though the nervous 
fibres are placed in juxtaposition, yet they do not, 
like the muscular, maintani through their entire 
course a parallel disposition, but cross and pene 
trate each other, so as to form an intimate inter 
lacement (fig. XXXII.). 

46. The nervous pulp is at least as liberally 
supplied with blood-vessels as the muscular ; the 
vessels are spread out upon the nerve-coat, in 
which they divide into innumerable branches oi 
extreme miiii/tCDess, the distrWrnticm oi 'wXvvOft. K'?^ 
Fo perfect, that there is not a parlide oi x^^\N^^^a» 
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A'ervouf Rbnt, depm«d ot ftusw i 
'filed, Mbowinn the ani&Wei UumAi, c 
be Bbrea consul. 
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naatter which is not supplied both with an aitcrial 
ind a venous vessel. Hence the neurileraa is not 
nerely a sheath containing and protecting the 
lervous pulp, but it affords an extended mechani- 
cal surface for sustaining the arterial vessels, from 
ivhich the pulp is probably secreted^ and certainly 
lourished. 

47. Albumen, in conjunction with a peculiar 
fatty matter, constitutes the chief proximate prin- 
nples of which the nervous tissue is composed. 
To these are added a small proportion of the ani- 
mal substance termed osmazome, a minute quan- 
tity of phosphorus, some salts, and a very large 
proportion of water ; for out of one hundred parts 
of nervous substance, water constitutes as much as 
eighty. Its peculiar vital property is sensibility ; 
and as all motion depends on the contractility of 
the muscular fibre, so all sensation depends on the 
sensibility of the nervous substance. 

48. Such are the primary tissues, or the several 
kinds of organized matter of which the body is 
composed ; and from this account it is obvious that 
they consist of three only — namely, the concrete 
matter forming the basis of membrane, the pulpy 
matter forming the proper muscular substance, and 
the pulpy matter forming the proper nervous sub- 
stance. Of these three kinds of animal matter the 
component parts of the body consist. In com- 
bining to form the different BtmctuTe»,l\ve»^ Y^\si^x^ 
mlmtancea are intermixed and artCLU%e^\w ^^«^x 
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variety of modes; and firom these combinations 
and arrangements result either an organ* a system,. 
or an apparatus. 

49. As filaments unite to form fibres^ and fibres 
to form tissues, so tissues unite to form orgahs : . 
that is, bodies having a determinate size and figure, 
and capable of performing specific actiojna. The 
cellular, the muscular, and the nervous tissues 
are not organs ; membranes, muscles, and nerves 
are organs. The tissue, the simple animal sub- 
stance, is merely one of the elements of which the 
organ is composed ; the organ is compounded of 
several of those simple substances, arraiiged in a 
determinate manner, and moulded into a given 
shape, and so constituting a specific instrument 
The basis of the muscle is muscular tissue.; but 
to this are added, invariably, membrane, often ten- 
don, and always vessels and nerves. It is this 
combination that forms the specific instrunient 
called a muscle, and that renders it capable of 
performing its specific action. And every mtch 
combination, with its appropriate endowment, 
constitutea an organ. 

50. Organs are arranged into groups or claaaea, 
according as they possess an analogous structure, 
and perform an analogous function ; and. this as- 
semblage constitutes a system. All the muscles 
of the body, for example, whatever their size, fonn, 

ajtuation^ or use, have on axitlofgaw^ structure^ and 
perform an analogona £\ixic\.\icm^ «xk^ \AAKfc «s% 
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dawed together under the name of the muscular 
flyatem. All the boues, whatever their figure, 
magnitude, density, position, or office, are analogous 
in stmcture and function ; and hence are classed 
togedier under the name of the osseous system. 
For the same reason, all the cartilages, ligaments, 
vessels and nerves, form respectively the cartilagi- 
nous, ligamentous, vascular and nervous systems. 
51. An APPARATUS, on the contrary, is an as- 
semblage of organs, it may be differing widely from 
each other in structure, and exercising various and 
even opposite functions ; but all nevertheless con- 
curring in die production of some common object. 
The apparatus of nutrition consists of the organs 
of mastication, deglutition, digestion, absorption, 
and assimilation. Among the individual organs 
wludh concur in carrying on these functions may 
foe reckoned the lips, the teeth, the tongue, the 
muscles connected with the jaws, the gullet, the 
stomach, the duodenum, the small intestines, the 
pancreas, the liver, the lacteal vessels, the mesen- 
teiic glands, and the lungs. Many of these organs 
have no similarity in structure, and few have any 
thing anal(^us in function ; yet all concur, each 
in its appropriate mode and measure, to the con- 
version of ihd aliment into blood. In the appa- 
ratus of respiration, in that of circulation, of secre- 
tion, of excretion ; in the apparatus of locomotion, in 
tht apparatus of sensation, and moie e&i^^cv^Vb) \\^ 
the Mpparatns of the specific sei\&aX\OTi«) — N\iv;^vv^ 
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hearing, smell, taste, touch, organs are comhined 
which have nothing in common but their concur- 
rence in the production of a common end : hut 
this concurrence is the principle of their combina- 
tion ; and the individual organs having this conjoint 
operation, taken together, constitute an apparatus. 
52. A clear idea may now be affixed to the 
terms structure and organization. Structure may 
be considered as synonymous with arrangement; 
the disposition of parts in a determinate order; 
that which is constructed or built up in a definite 
mode, according to a determinate plan. .^ The 
arrangement of the threads of the cellular web into 
areolae or cells ; the combination of the primary 
threads into fibres or laminse ; the disposition of 
the muscular pulp into filaments, placed parallel 
to each other ; the investment of the filaments in 
membraneous sheaths ; the combination of the fila- 
ments, included in their sheaths, into fibres ; the 
aggregation of fibres into fasciculi; and the analo- 
gous arrangement and combination of the nervous 
pulp, are examples of structure. But when those 
structures are applied to particular uses; when 
they are so combined and disposed as to form a 
peculiar instrument, endowed with a specific func- 
tion ; when the cellular fibres, for example, are so 
arranged as to make a thin, dense, and expanded 
tissue ; when to this tissue are added blood-vessels, 
absorbents^ and nerves *, wheu^ in a word, a mem- 
brane is constructed, aiv 0T^wv\"&iOTtQRdL\ ^^^Ws^^ 
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in like manner, to the muscular and the nervous 
6bTe8, arranged and moulded in the requisite mode, 
are added blood-vessels, absorbents, and nerves, 
other organs are constructed capable of performing 
specific functions : and this is organization — the 
building up of organs — the combination of definite 
structures into special instruments. Structure is 
the preparatory process of organization ; the one 
is the mere arrangement of the material ; the other 
is the appropriation of the prepared material to a 
specific use. 

53. The term organization is employed in re- 
ference both to the component parts of the body, 
and to the body considered as a whole. We speak 
of an organized substance and of an organized 
body. An organized substance is one in which 
there is not only a definite arrangement of its 
component parts (structure), but in which the 
particular arrangement is such as to fit it for ac- 
complishing some special use. Every organized 
substance is therefore essentially a special organ ; 
limited in its object it may be, and perhaps only 
conducive to some further object ; but still its dis- 
tinctive character is, that it has a peculiar struc- 
ture, fitting it for the accomplishment of some 
appropriate purpose. On the other hand, an or- 
ganized body is a congeries of organs — the aggre- 
gate of the individual organs. Attention was di- 
rected in the early part of *hi8 work to oiv'^^^c.xXvict 
and essential character, by wli\c\i e\xc\\. ^n ot^xw- 
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ized is distioguiBhed from an unorganized bodj. 
Between the individual ]>art8 of the organized body 
there is so close a relation, that no one of them 
can be removed or injured, or in any manner 
affected without a corresponding affiection of the 
whole. The action of the heart cannot oeaae with- 
out the cessation of the action of the lung ; amr that 
of the lung without that of the brain; nor tkalof 
the brain without that of the stomach ; in a mnd^ 
there is no organ in whatever distant nook «f the 
system it be placed, or however apparent]^ wng- 
nificant its function, that is not ne ccBaa ry.lo the 
perfection of the whole. But into whatever num- 
ber of portions an unorganized body may be di- 
vided, each portion retains the properties of the 
mass, and constitutes in itself a perfect existence; 
there being no relation between its individual 
parts, excepting that of physical attraction: on 
the contrary, each component part of an organized 
body, being endowed with some appropriate and 
specific power, on the exercise of which the powers 
of all the other parts are more or less dependent, 
the whole must necessarily suffer if but one part 
fail. 

54, From the whole, then, we see that the human 
body is a congeries of organs ; that those organs are 
constructed of a few simple tissues; and that all 
its parts, numerous, diversified, and complex as 
tbey are, are composed ot bxil l\vwft i^rimary forms 
of animal matter variousV^ moOX^^ w\^ tsns^kBi^. 
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55. But though by the analysis of its component 
jjarte, this machine, so complex in its construction, 




and BO wonderfully endowed, may be reduced to this 
state of tdmplicity ; and although this analytical 
view of it be highly useful in enabling ub to form 
a clear conception of the nature of its compoaition ; 
yet it is only by considering its individual parts 
such as thej- actually are, and by stai-jwi^ fti€vt 
gitaatioo, connexion, structure, und. ^ctinYi, "CKaN. 



190 THE FHILOSOFHT OF HKALTB. 

we can underetand it as a whole, and apply out 
knowledge of it to any practical use. 

56. Viewing then the hnman body as a compli- 
cated whole, as a congeries of organs made up of 
various combinations of nmple tissues, it may be 
observed, in reference to its external configuration^ 
that it is rounded. This rounded form is princi- 
pally owing to the large proportion of fluids \t^hich 
enter into its composition. The roundness of the 
face, limbs, and entire sur&ce of the child, are in 
striking contrast to the unequal and insular sur- 
face of the old man, whose humours are compara- 
tively very much smaller in quantity. 

57. The length of the human body exceeds its 
breadth and thickness ; the d^ree of the excess 
varying at different periods of life, and according 
to the peculiar constitution of the individual. In 
the extremities, the bones, muscles, vessels, and 
nerves, are especially distinguished by their length. 

58. The form of the human body is symmetrical, 
that is, it is capable of being divided into two la- 
teral and corresponding halves. Suppose a median 
line to pass from the vertex of the head through the 
centre of the spinal column (fig. XXXIV. 1, 2); 
if the body be well formed, it will be divided by this 
line into two exactly equal and corresponding por- 
tions (fig. XXXV. 1). This symmetrical dispo- 
sition of the body is not confined to its external 
conBguration, It is true of many of the internal 

organs; but principa\\y,aa\i«La\i^xv^\^^^'^^v^^^^^ 
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t that bdong to the animal life. The brain 
: spinal cord are diyisible into two exactly 
alvea (figs. XLVIII. d, and XLIX. 1 , 2, 3); 
ans of sense are double and symmetrical : 
Bcles of one side of the body exactly cor- 
i to those of the other (£g. XXXIII.) ; the 
ids and arms and the two lower extremities 
:e (figs. XXXIV, XXXV.); but for the 
art, the organs of the organie life, the 
b, the intestines, the liver, tlie spleen, 
mple, are single, and not symmetrical. 
I*he human body is divided into three great 
B, the head, the trunk, and the extremities 
[XXIV. and XXXV. 1, 2, 3, 4). 
By the head is meant all that part of the 
hich is placed above the first bone of the 
fig. XXXIV. 1). It is of a 'spheroidal 

broader and deeper behind than before, 
liat like an ^g in shape, with the broad end 
; it is flattened at its sides (figs. XXXV. 1, 
^XVI. 2, 4). Its peculiar figure rendere it 
\ stronger and more capacious than it could 
een had it possessed any other form. It is 
ted by its base on the spinal column, to 
it is attached by the peculiar structure 

a joint (fig. XXXIV), and fastened by 
Dts of exceeding strength. 
The head contains the central oigan of the 
s system; the organs of the scu^eb^ VvOa. 
"eption of that of touch ; and t\\& ox^gKcv^ ^ 




1. Frontal bone; 2. parietal bODe ; 3. ocdpUal boM) 41 
Ivrojiuciil bone ; 5. itaaal bone ; 6, imtlai bow j 7. ■uunK 

insxiUuTy bonii ; B. infariDi miixillary buue. 



naeticatian. It comprehends the cranium and tbe 
lace. Both are composed partly of soft putei •> 
the tetnimcnts, namelv, skin, tat, &c., and muadea; 
niid partly of bones. 

62. The bones of the cranium are eigbt in nam- 
ber, six of which are proper to the cranium, anil 
two are common to it and to the face. The lii 
bones proper to the cranium are the frontal (fig, 
XXXVir. 1), the two parietal {fig. XXXVI. 2), 
Hie two temporal (Fig. XXXVIIl. 4), and the 
occipital (Rg. XXXVUI. A) \ tt\6 two common to 
fAe crsiiiiini and face arc rtie tv\wtw\4A VJ^. 




Banal of tlia ilndl^ npantcd; tnat view. I. Frontal 



2. partioni of ths pftrictal bona ; 3. maUr ut check 
w«; 4, naialbunei; S. i ' 
I upper jaw ; 6. the tdhwi 
M of Um lower jair. 

CXIX. 4), and the Bpl»eTioVa»\ ^.t*%. ■X.lw-^V?'. 
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3). The frontal feme formB the entire foiepait of 
the T&olt (fig. XXXVII. 1); the two parietal fbnn 
the upper and middle part of it (fig. XXXVIII. 3); 
the two temporal ibnn the lowo' part of Ae mitt 

<%XXXVin.4); the occipital fomisthe-wlMle 




BonM of the iknll lepBrated; Mdi new. 
bane; 2. pnHelal bane; 3. occivUal baoe; 4. leoin*! 
bone; 5. jijual bane; 6. tnataiboiw, 7 . wi^imot nvwax^ 
^"4 ; 8. Iha unj^a ; 9. th* inienoi mKKA\wf^ \Kn«. 



, together with a portion of the 1mm 
:VIII.3, XXXVI. 3. XXXIX. 1); 



Fig. XXXIX. 




lin^ tha liue of thg ikall) vieveil fic.m the 
dpitalboDc; 2. tnnporsl bones j 3. tphBOoid 
ooid bone; !i, lupnioi mra&ai^ \iaMV w 
iperjav; 6. raalaT <» c^MeV Wmk', l.^«r 
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while the ethmoidal fonns the foiepart, and the 
ephenoidal the middle part of the base (%. 
XXXIX. 3, 4). 

63. These boneg are firraly united together. 
The union of bonea is technically called an articit- 
latioHot joint. Alljointe are either immoveablcoT 
moveable. The union.of the faonee of the cranium 
afibrds an exam]ile uf an immoveable sxticulation. 
Prominences and indentations, like the teeth of a 
saw, are formed in the margins of the cont^oiu 
bones (figs. XXXVIir. and XL.). At these 
inequalities of Gurface, which are esactly adapted 
to each other (Hgs. XXXVIII. and XL.), the 
two bones are in immediate appoeition ia such 
a Planner as to preclude the possibihty of moban, 




PoniumorihrlHinetuf ihe criiniuni; khowin); thi 
Kjiondinj; ineqnalillM in theit mnr^ns ; vhich in 
whi-n ia apwnamm, corcditutu lUe nunVaiit uniim 
tiitara. 1. Kxlernalsmfaniof ««!»«"■. ^■■™^'«"* 
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ttn to render the separation extremely diffi 
Thia mode of articulation ii ternied a tidurr. 
are certain advantages in conHtructing the 

im of Mveral dieCinct I ones and in uniting 




I imperfectly ooificJ, ieparated to some 
■ch Dthur, Iha inlaispace being uceu^ieil b>| mum- 
Tie small size uf the face curovaiti -amiWiV ■ 
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them in this peculiar mode. 1. The walls of the 
vault are stronger than they could hare been had 
they been formed of a single piece. 2. In the 
foetus, the bones are at some distance from each 
other (fig. XLII.) ; at birth, they yield and oveilap 
one another ; and in this manner they conduce to the 
security and ease of that event 3. Minute vessels 
pass abundantly and securely thnnigh the inter- 
stices of the sutures to and from the interior of the 
cranium; in this manner, a free ccmmumication is 
established between the vessels witiiiu and without 
this cavity. 4. It is probable that the ahock pro- 
duced by external violence is dfmhiiahed in conse- 
quence of the interruption of the vibration occa- 
sioned by the suture ; it is certain that frictme is 
prevented by it from extending as far as it would 
do in one continued bony substance. 

64. The vault of the cranium forms a cavity 
which contains the brain (fig. XLIII.and XLVIII.) 
The size of this cavity is invariably proportioned to 
that of the organ it lodges and protects. The form 
and magnitude of the cavity, and consequently the 
shape and size of the cranium, depend upon the 
brain, and not of the brain upon the cranium. 
The soft parts model and adapt to themselves the 
hard, and not the hard the soft. The formation 
of the brain in the foetus is anterior to that of the 
case which ultimately contains it ; and the hard 
ijone 18 Tnouided upon the soft pulp^ not the pulp 
upon the bone. At every peiicA oi \\l^, wv ^^^ 



DirriNO vflWEft OP tbk skain iOi 
Fig. XLIII. 




batktill. I.CnitjoribeciwiiinDOccimifdbf 

cot edge of the boneB af the crsDium, ihowiiiK 
of compact bone Hud the intcrveDUig apoDgy 
di^Oi!. 

e of the cranium there are visible im- 
ideby the convolutions of the brain, and 
tioDB of the arteries (figB. XXXIX. 1, 

2), and on its external surface are 
Dccaaioned by tbe action of the external 
3T does the modifying power of the brain 
nes of the cranium terminate at birtli. 
on of bone, always a slow proceta, ia 
eted until the child has atbuned its 
th year, and often not until a much 

At this tender age, the bones, which in 
e are hard and ri^d, axe coto^w^CwOi.^ 
ding, ami cone«mieTil\N ttiQi* tcaSi:^ 
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receive^ and retain the impression of the convola* 
tions and of the other projecting parts of the hrain, 
by which they are sometimes so deeply marked, 
that an attentive examination of the inner surface 
of the cranium is of itself sufficient to determine 
not only that some part, but to indicate the very 
part of the brain which has been pretematurally 
active. At this tender age, pressure, internal or 
external, general or partial, may readily change 
the form of the cranium. If, by a particular pos* 
ture, the head of a child be unequally balanced on 
the spine, the brain will press more on that side of 
the cranium than on the other ; the organ will ex- 
pand in the direction to which it inclines; that 
portion of it will become pretematurally developed; 
and consequently the balance of its functions will 
be distiu-bed. An awkward way of standing or 
sitting, perhaps contracted inadvertently and kept 
up by habit; a wry neck; any cause that keeps 
the head constantly inclined to one side, may pro*' 
duce this result, examples of which and of its con- 
sequences will be given hereafter, 

65. Tracing them from without inwards we see, 
then, that the various coverings afforded to the 
brain, the central organ of the animal life, seated 
in its vaulted cavity, are: 1. The tegument, con* 
sisting of the skin and of cellular and adipose 
membrane* 2. Beneath the tegument, muscles, 
in the /brepart and at the vettt^^ comparatively 
slender and delicate ; at the B\de^ wv^ ^^\Kws\\i^ 
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thick, strong, and powerful (fig. XLIVO» 3« Be- 
neath the muscles, a thin but dense membrane, 
termed the pericranium, lining the external surface 
of the cranial bones. 4. Beneath the pericranium, 
the bony substance of the cranium, consisting of 
two firm and hard bony plates, with a spongy, bony 
structure, called diploe, interposed between them 
(fig. XLIII. 2)f 5. Immediately in contact with 
the inner surface of the bony substance of the 
cranium, and forming its internal lining, the dense 
and strong membrane, called the dura mater^ not 
only affording a general covering to the brain, but 
sending firm partitions between individual portions 
of it (fig. XLVIII. c). 6. A serous membrane 
lining the internal surface of the dura mater, and 
reflected over the entire surface of the brain, termed 
tlie arachnoid tunic. 7. A thin and delicate mem- 
brane in immediate contact with the substance of 
the brain, descending between all its convolutions, 
lining all its cavities and enveloping all its fibres, 
called the pia mater. 8. An aqueous fluid, con- 
tained between the arachnoid membrane and the 
pia mater. Skin, muscle, pericranium, bone^ dura 
mater, arachnoid membrane, pia mater, and aque- 
ous fluid, superimposed one upon another, form, 
then, the covering and defence of the brain; so 
great is the care taken to protect this soft and 
tender substance. 

QQ. The bones of the face coiv«>\sA. ol iwaxXsK^^ 
namely, the two superior maxiWa-r^ ot *^"!\.^-"ViWNSi3. 
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vfig. XXXVII. 5), the two malar or cbeek boiies 
(fig. XXXVII. 3), the two noaal bones (fig. 
XXXVII. 4), the two palate bones, the two oeaa 
unguis (fig. XXXVIII. 8), the two inferior tmr- 
binated bones, the vomer (fig. XXXVII. 6), and 
the inferior masilla or the lower jaw {^g, XXXVII. 
7.) This irr^ular pile of bones is divided into the 
superior and inferior maxilla or jaws ; the snperifr 
maxilla being the upper and immoveable portion of 
the face ; the inferior maxilla being the loi[er and 
moveable portion of it. Besides these bones, the 
face contains thirty-two teeth, sixteen in each jaw. 
The bones of the upi)er jaw are united together l^ 
sutures, and the union is so firm, that they have no 
motion but what they possess in common with the 
cranium. The lower jaw is united by a distinct 
articulation with the cranium (figs. XXXIV. and 
XXXV.). 

67. Besides the bones and the teguments, the het 
contains a number of muscles, which for the most 
part are small and delicate (fig. XLIV.), together 
with a considerable portion of adipose matter; while, 
as has been stated, the face and head together con- 
tain all the senses, with the exception of that of 
•touch, which is diffused, more or less, over the en- 
tire surface of the body. 

68. The second great division of the body, 
termed the trunk, extends from the fh^Bt bone of 

the Deck to that called the ipnb\^ m ^T^xvt^ snd to 
the lower end of the coccyx \>e\vvcv^ (^^.^XX^A!^ 




Muiotci of tltc fMe> 

It JB subdivided into the tlioxas, the abdcmcn, 
he pelvis (fig. XLV.). 
. The thorax or chesf extends above from the 
boue-of the neck, by which it ii coortecled 
the head, to the diaphiaptt\K,\(i'»i,Vi'^'Ki!!V 
divided from the abdomtn (^&^,"XVJ* . *»^ 
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LXL). It consists partly of muscles and partly 
of bones; the muscular and the osseous portions 
being in nearly equal proportions. Both together 
form the walls of a cavity in which are placed tlie 
central organs of circulation and respiration (fig. 
LX. 2, 5). The chief boundaries of the cavity 
of the thorax before, behind, and at the sides, are 
osseous (fig. XLV.); being formed before, by the 
sternum or breast-bone (fig. XLV»6); behind, 
by the spinal column or back bone (fig. XLV. 
2, 4) j and at the sides, by the ribs (fig. XLV. 
7). Below, the bomidary is muscular, being 
formed by the diaphragm (fig. LXI. 2), while 
above the thorax is so much contracted (fig. 
XLV.), that there is merely a space left for the 
passage of certain parts which will be noticed im- 
mediately. 

• 70. The figure of the thorax is that of a cone, 
the apex being above (fig. XLV.), through the 
aperture of which pass the tubes that lead to the 
lungs and stomach, and the great blood-vessels 
that go to and from the heart (fig, LX.). The 
base of the cone is slanting, and is considerably 
shorter before than behind, like an oblique section 
of the cone (fig. XLV.). 

71. The osseous portion of the walls of the 

thorax is formed behind by the spinal column, a 

range of bones common indeed to all the divisions 

of the truxiV \ for it conat\l>ite% ^\\kft the posterior 

boundary o/the thorax, abdoineTa^wv^^^MK^ VJv^ 



SPINAL COLUMN. 207 

XLY. 2, 4, 6). It is composed of thirty distinct 
bones, twenty-four of which are separate and move- 
able on one another, and on this account are called 
true vertebne (fig. XLV. 2, 4) ; the other five, 
though separate at an early period of life, are suit- 
sequently united into a single solid piece, called 
the sacrum (fig. XLV. 5). The bones com- 
posing this solid piece, as they admit of no motion 
on each other, are called false vertebrae (fig. 
XLV. 5). To the extremity of the sacrum is 
attached the last bone of the series, termed the 
coccyx (fig. XXXV.). 

72. From above downwards, that is, from the 
first bone of the neck to the first bone of the sa- 
crum, the separate bones forming the column pro- 
gressively increase in size ; for this column is the 
chief support of the weight of the head and trunk, 
and this weight is progressively augmenting to this 
point (fig, XLV. 2, 4). From the sacrum to the 
coccyx, the bones successively diminish in size, 
until, at the extremity of the coccyx, they come to 
a point (fig. XXXV.). The spinal column may 
therefore be said to consist of two pyramids united 
at their base (fig. XLV. 4, 5). The superior 
pyramid is equal in length to about one third of 
the height of the body, and it is this portion of 
the column only that is moveable. 

73* The two surfaces of the spinal column, the 
anterior and the posterior, present a striking con- 
traat (figs. XXXIV, and XXXV .^^ T\v^ ^\A^- 
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ri3r surface, which in its whole extent is rounded 
and smooth, is hroad in the region of the neck, 
narrow in the region of the hack, and again broad 
in the region of the loins (fig. XLY. 2, 4.)- It 
presents three curvatures (fig. XLV. 2, 4) ; Uic 
convexity of that of the neck being forwards^ that 
of the back backwards, and that of the loins again 
forwards (fig. XLV. 2, 4). 

74. From the posterior surface of the column, 
which is every where irregular and rough, spring, 
along the median line, in regular series, strong, 
sharp, and pointed projections of bone (fig. 
XXXV.), which from being sharp and pointed, 
hke elongated spines, are called spinous processes, 
and have given name to the whole chain of bones. 
These processes afiford fixed points for the action 
of powerful muscles. Extending the whole length 
of the column, from the base of the skull to the 
sacrum, on each side of the spinous processes, are 
deep excavations, which are filled up with the 
powerful muscles that maintain the trunk of the 
body erect. 

75. From the lateral surfaces of the column 
likewise spring short but strong projections of 
bone, termed transverse processes, which also give 
attachment to powerful muscles (fig. XLVI.). 

76. The separate bones of the series have a kind 
of turning motion on each other; hence each is 
called a vertebra, and the name of vertebral co- 

^amn is often given to the en\.\ie «etvtft, ^ xi^ %^ 
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Bon^ofthetr-^nk. I . Spmal column ; l.ft««Meo.e«- 
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vical verfebrsB; 3. the twelve <!orsal vertebra; 4. the five 
htmbar vertebrae; 5. .the sacrum; 6. the sternum; 7. the 
true ribs; 8. the false ribu; 9. the clavicle; 10. the sca- 
pula; 11. the ilium; 1 2. the ischium ; 13. thepube8;14* 
the acetabulum ; 15. the brim of the pelvis. 

that of spinal column. That portion of the column 
which forms the neck consists of seven distinct 
bones, called cervical vertebrae (fig. XLV. 2); 
that portion which forms the back consists of 
twelve, called dorsal vertebrae (fig. XLV. 3); 
that portion which forms the loins consists of five, 
called lumbar vertebrae (fig. XLV. 4). Be- 
tween each of these classes of vertebrae there are 
specific diflferences, but they need not be described 
here : all that is necessary to the present purpose 
is an account of the structure which is common 
to every vertebra. 

77. By inspecting fig. XLVL 1, it will be acen 
that the upper and under edges of each vertelira 
consist of a ring of bone, of a firm and compact 
texture, rendering what may be called the body of 
the vertebra exceedingly strong (fig. XLVI. 3). 
This ring of bone forms a superficial depression 
(fig. XLVL 2), for the reception of a peculiar 
substance, immediately to be described, which is 
interposed between each vertebra (fig. XLVIL 2). 

78. The anterior surface of the body of the ver- 
tebra is convex (fig. XLVL 3) ; its posterior surface 
is concave (fig. XLVL 4); from the posterior surface 
springs a bony arch (figa%XLYL 5 and LIIL 1), 

ivhicb, together witVi th^ Y>o^\.ct\at e'i\\t."5LN\\.'^^W.\sA 




View of ume of the veitclne, nhich b; Iheii union fiicm 
the ipiual column. 

a. A Tertebni o{ the neck ; &. a veitubta of the back ; 
B *eilebra of the loiui. 

1. Ring of compBCt hone Ibnning, 3, ths body of IhB 
vBitebca; 2. gupeificial deptexiou foe the lecrption of the 
iulerrertebral atrtilagt; 3. anteiiot Biutaca oS \t«\«i4io1 
thmrtBbr^l 4.pi>slerioriurface; &.boikjaicb', b.ov^''^^ 
'-"■'*•■"— "TB of the »pin»l cord} 7 . o^eTOn* tai vVl« ^ 
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which the vertebreB are joined io each other ; 9. tuo dontl II 
vertebrae united, showing the arran*;ement of, 10, the sfunous 
processes ; 1 1. a portion of a rib articulated with the tide 
of the Teitebfa. 

an aperture of coiudderable magnitude (fig. XLVI> 
6), a portion of the canal for the passage of the 
spinal cord (figs. XLVII. 3, and XLIX. 3). 

79. Both the upper and under edges of the arch 
form a notch (fig. XLVI. 7.), which, together with 
a corresponding notch in the contiguous Tertebra, 
completes another aperture rounder and smaller 
than the former, but still of considerable size (fig. 
XLYI. 7.), the passage of the spinal nerves (fig* 
XLVII. 3). 

80. From both the upper and under sides of the 
arch proceed two short but strong projections of 
bone (fig. XLVI. 8.), termed the articulating pro- 
cesses, because it is chiefly by these processes that 
the vertebrae are connected together. From the 
beginning to the end of the series, the two upper 
processes of the one vertebra are united with the 
two lower processes of the vertebra immediately 
above it (fig. XLVI. 9), and around the edges of 
all the articulating processes are visible rough 
lines, which mark the places to which the articu- 
lating ligaments are attached. 

81. No vertebra, except the first, rests imme- 
diately upon its contiguous vertebra (fig. XLV. 
2, 4). Each is separated from its fellow by a 

substance of a peculiar natuxt \ft\jet^«ed between 
them, termed the intexveit^bT^X «\a>A%.\»ivcft VJcv^ 
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^VII. 2. uid L.3). Thia tubctuice partaliei 
Pvtly of the nature of cartikge, and partly of 
U>U of ligament. It is compoaed of concentric 
'latM, formed of oblique fibres wbich inteieect 
ub otiiei in every direction. Thi* Bubatance, 
>r abont a quarter of an incli irom iti dr- 
imference towards ita centre, is tough, atrong, 
id unyielding;; tben it become* lofter, and is 
anifeatly elaatic; and bo it continues until it 
proBchec dte centre, when it becomes pulpy, and 

again inelastic. The exterior hn^h and uo- 

Fig. XLVU. 




Iding matter is for tbe firmness of tbe conaezion 
the seTeial vertebne with each other; the inte- 
r softer and elastic matter is for the easy play of 
> yeitebree apon each other; th«owii«weQL'ns.'i^ 
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the Other for pliancy. And the adjustment of the 
one to the other is such as to combine these pro* 
pertics in a perfect manner. The quantity of the 
unyielding substance is not so great as to produce 
rigidity; the quantity of the elastic substance is 
not so great as to occasion insecurity. The firm 
union of its solid matter renders the entire coluofm 
strong; the aggregate elasticity of its softer sub- 
stance renders it springy. 

82. The column is not constructed in such a 
manner as to admit of an equal degree of motion 
in every part of it. Every thing is contrived to 
give to that portion which belongs to the neck 
freedom of motion, and, on the contrary, to render 
that portion which belongs to the back compara- 
tively fixed. In the neck the mechanism of the 
articulating processes is such as to admit of an 
equal degree of sliding motion forwards, backwards, 
and from side to side, together with a turning mo- 
tion of one bone upon another ; at the same time, 
the intervertebral substance between the several 
vertebrae is thick. In consequence of this me- 
chanism, we can touch the breast with the chin, 
the back with the hind head, and the shoulders 
with the ear, while we can make the head describe 
more than a semicircle. But, in the back, the 
articulating processes are so connected as to pre- 
vent the possibility of any motion, either forwards 
or backwards, or any turning of one vertebra upon 
another, while the inteiveTle\>T«\ «viNi^\«w5fcS& ^\s!k?. 
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Paratively thin (fig. XLV. 2, 4). That portion of 
^be column which helongs to the hack is intended 
to afford a fixed support for the ribs, a support 
^hich is indispensable to their action in the func- 
tion of respiration. In the loins, the articulating 
processes are so connected as to admit of a consider- 
able d^ree of motion in the horizontal direction , 
and from side to side, and the intervertebral sub- 
stance here progressively increases in thickness to 
the point at which the upper portion of the column 
is imited to the sacrum (fig. XLV. 2, 4), where 
the degree of motion is extensive. 

83. The canal for the spinal cord, formed partly 
by the concavity in the posterior surface of the ver- 
tebra, and partly by the arch that springs from it 
(fig. XLVI. 6.) J i« lined by a continuation of the 
dense and strong membrane that constitutes the 
internal periosteum of the cranium, the dura mater 
(fig. XLVIII. c), which, passing out of the opening 
in the occipital bone, called the foramen mag 
num (figs. XXXIX. 7, and XLIX. 3), affords a 
smooth covering to the canal throughout its whole 
extent. 

84. The spinal cord itself, continuous with the 
substance of the brain, passes also out of the cra- 
nium through the foramen magnum into the spinal 
canal (fig. XLIX. 3), enveloped in the delicate 
membranes that cover it, and surrounded by the 
aqueous fluid contained between those membranes. 
The size of the spinal canal, accuialA^ ^dL«^\ft!\\.^ 
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vlUtat) 

. erior rdge of , 

/. Tlia ^ott bUwuen Uis lira lumuiAem. 

that of tlie Bpinal cord, which it lodges and pro- 
tects, is of considerable size, and of a triangulu 
■hape in its cervical portion (^. XLIX. 3), 
•mailer and rounded in its dorsal portion (fig> 
XIAX. 3), and again la^ and triangiilar in iti 
lumbtr portiuD (fig. XIAX. SpI 
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hemispheres of the smaller bmn, or cerebeUum ; 3. sptnai 
cord continuous with the hrain^ and the spinal nofes pnn 
ceding from it on each side. 

85. The spinal column perfonns several differ- 
ent, and apparently incompatible» offices. 

First, it affords a support and buttress to other 
bones. It sustains the head (fig. XXXIV. 1); it 
i« a buttress to the ribs (fig. XLV. 7) ; through 
the sternum and ribs it is also a buttress to the 
superior, and through the pelvis, to the lower, 
extremities (fig. XXXIV. 2, 3, 4). 

Secondly, it affords a support to powerful mus- 
cles, partly to those that maintain the trunk of the 
body in the erect posture against the force of gra- 
vitation, and partly to those that act upon the su- 
perior and inferior extremities in the varied, ener- 
getic, and sometimes long-continued movements 
they execute. 

Thirdly, it forms one of the boundaries of the 
great cavities that contain the chief organs of the 
organic life. To the support and protection of those 
organs it is specially adapted; hence the surface 
in immediate contact with them is even and 
smooth; hence its different curvatures, convexities, 
and concavities, have all reference to their accom- 
modation; hence in the neck it is convex (fig. 
XLV. 2), in order to afford a firm support to the 
esophagus, the wind -pipe, the aorta, and the great 
trunks of the venous system (fig. LX. 3, 4) ; in 
the back it is concave, in oxdet \.o ^T^^x^^^^s^^^sa 
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^ tbe dilatatioii of the lung in the act of in- 
spbtion (figs. XLV. 3, and LX. 5); in the loins 
It is convex, in order to sustain and fix the loose 
^ floating viscera of the abdomen (figs. XLV. 
4, and LX. 6, 7, 8, 9) ; in the pelvis it is con- 
cave, in order to enlarge the space for lodging the 
numerous delicate and highly-important organs 
contained in that cavity i^. XLV. 5). 

Fourthly, it forms the osseous walls of a canal 
(figs. XLVI. 6, and XLVIL 3) for the lodgment 
and protection of the soft and tender substance of 
the spinal cord, one of the great central masses of 
the nervous system, the seat of the animal life (fig. 
XLIX. 3). 

Fifthly, it affords in its osseous walls secure 
apertures for the passage of the spinal nerves (figs. 
XLYI. 7, and XLIX. 3), by which impressions are 
transmitted from the organs to the spinal cord and 
brain, in the function of sensation; and from the 
spinal cord and brain to the organs in the function 
of volition. 

86. For the due performance of these offices, it 
is indispensable that it should be firm, rigid, strong, 
and yet to a certain extent readily flexible in every 
direction. By what mechanism is it endowed with 
these appSarently incompatible properties ? 

87. By means of the ring of compact bone, 
which forms so large a part of its body (fig. XLVI. 
1) it is rendered firm, rigid, and strong. By means 
of itB numerous separate pieces, eiLac\\^ «j^y\"e\«^V5v 

\.1 
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each other, and dove-tailed into one anotlier, an 
increase of strength is gained, such as it would not 
have heen possible to communicate to a single solid 
piece. By the same mechanism, some d^ree of flfexi* 
bility is also obtained; each separate bone yield* 
ing to some extent, which, though slight in a single 
bone, becomes considerable in the twenty-four. 

88. But the flexibility required is much greater 
than could be obtained by this expedient alone. 
A rigid and immoveable pile of bones, in the posi- 
tion of the spinal column, on which all the other 
parts "of the body rest, and to which they are 
directly or indirectly attached, would necessarily 
have rendered all its movements stiff and mechani- 
cal ; and every movement of every kind impossible, 
but in a given direction. That the movements of 
the body may be easy, free, and varied; that it 
may be possible to bring into play new and com- 
plex combinations of motion at any instant, with 
the rapidity of the changes of thought, at the com- 
mand of the impulses of feeling, it is indispensable 
that the spinal column be flexible in every direc- 
tion, forwards, backwards, and at the sides : it is 
equally indispensable that it be thus capable of 
yielding, without injuring the spinal cord ; without 
injuring the spinal nerves; vnthout injuring the 
thoracic and abdominal viscera; and without in- 
juring the muscles of the trunk and extremities. 
The degree in which it -po^^^^sea this power of 
flexibility y and the extexil to -wVvcV.Vjx^x^^xsSscwsv- 
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lion of it, it is sometiines actually brouglit^ is ex- 
emplified in the positions and contortions of tlie 
posture-master and the tumbler. It is acquired by 
means of the intervertebral substance, the com- 
pressible and elastic matter interposed between tlie 
several vertebrae. So compressible is this sub- 
stance, that the human body is half an inch shorter 
in the evening than in the morning, having lost 
by the exertions of the day so much of its stature ; 
yet, so elastic is this matter, that the stature lost 
during the day is regained by the repose of the 
night. The weight of the body pressing in all 
directions upon the spinal column; muscles, bones, 
cartilages, ligaments, membranes, with all their 
vessels and all the fluids contained in them; the 
weight of all these component parts of the head, 
trunk, and extremities, pressing, without the cessa- 
tion of an instant, during all the hours of vigi- 
lance, upon the intervertebral substance, com- 
presses it; but this weight, being taken off during 
the night, by the recumbent posture of the body, 
the intervertebral substance, in consequence of its 
elasticity, regains its original bulk, and of course 
the spinal column its original length. 

89. But the flexibility acquired through the com- 
bined properties of compressibility and elasticity 
is exceedingly increased by the action of the pulpy 
and inelastic matter in the centre of the interver- 
tebral substance ; this matter serving as a pivot 
to the vcrtebrsd, facilitating theix moWoxL wl ^^Ocv 
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Other. Its effect has been compared to that of a 
bladder partly filled with water, placed between 
two trenchers ; in this case, the approximation of 
the circumference of the two trenchers on one side, 
would instantly displace a portion of the water on 
that side, which would occupy the increasing space 
on the other, with the effect of £Eu;ilitating the 
change, in every possible direction, of the position 
of the two trenchers in relation to each other. To 
this effect, however, it is indispensable that the 
matter immediately around this central pivot should 
be, not like itself, rigid and unyielding, but com- 
pressible and elastic. It is an interesting fact, that 
since this illustration was suggested, it has been 
discovered that this very arrangement is actually 
adopted in the animal body. In certain animals, 
in the very centre of their intervertebral substance, 
there has been actually found a bag of water, with 
a substance immediately surrounding the bag, so 
exceedingly elastic, that when the bag is cut, the 
fluid contained in it is projected to the height of 
several feet in a perpendicular stream. 

90. But besides securing freedom and extent of 
motion, the intervertebral substance serves still 
another purpose, which well deserves attention. 

Firmness and strength are indispensable to the 

fundamental offices performed by the column ; and 

to endow it with these properties, we have seen 

that the external concentric lasers of the interver- 

tebral eubaiATkct are exceedkEuj^^ \o<^^ vs^^^NtX 
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they axe attached to the bodies of the vertebne, 
which are composed of dense and compact bone. 
But than dense and compact bone, nothing can be 
conceived better calculated to receive and transmit 
a shodc or jar on the application of any degree of 
force to the column. Yet such force must neces- 
sarily be applied to it in every direction, from 
many points of the body, during almost every mo- 
ment of the day; and did it actually {Produce a 
corresponding shock, the consequence would be 
£stal : the spinal cord and brain would be inevi- 
tably killed; for the death of these tender and 
delicate substances may be produced by a violent 
jar, although not a particle of the substances them- 
sdves be touched. A blow on the head may destroy 
life instantaneously, by what is termed concussion ; 
tiiat is, by the communication of a shock to the 
iHtun through the bones of the cranium. The 
brain is killed; but on careful examination of 
the cerebral substance after death, not the slight- 
est morbid appearance can be detected : death is 
occasioned merely by the jar. A special pro- 
vision is made against this evil, in the structure of 
tlie bones of the cranium, by the interposition be- 
tween its two compact plates of the spongy sub- 
stance called diplofi (fig. XLIII. 2) ; and this is 
•nfficient to prevent mischief in ordinary cases. 
A great degree of violence applied directly to the 
head is not common : when it occwc« \t. ve^ %k.^- 
dantai: t&ousands of people ]^«a tSKtcrai^ \)^^ 
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without ever having suffered from it on a single 
occasion : but every hour, in the ordinary move- 
ments of the body, and much more in the yiolent 
movements which it occasionally makes, a d^ee 
of force is applied to the spinal colmnn, and through 
it transmitted to the head, such as, did it produce 
a proportionate shock, would inevitably and iii<* 
stantly destroy both spinal cord and brain. The 
evil is obviated partly by the elastic, and partly \3j 
the non elastic properties of the matter interposed 
between the several layers of compact bone. By 
means of the elastic property of this matter, the 
head rides upon the summit of the column as upon 
a pliant spring, while the canal of the spinal cord 
remains secure and uninvaded. By means of the 
soft and pulpy portion of this matter, the vibrations 
excited in the compact bone are absorbed point by 
point as they are produced : as many layers of this 
soft and pulpy substance, so many points of ab« 
sorption of the tremors excited in the compact 
bone ; so many barriers against the possibility of 
the transmission of a shock to the delicate nervous 
substance. 

91. Alike admirable is the mechanism by which 
the separate pieces of the column are joined to- 
gether. If but one of the bones were to slip off 
its corresponding bone, or to be displaced in any 
degree, incurable paralysis, followed ultimately 
by deathj or instantaneous dfivith, would happen; 
for presaure on the spinal card va «l t^rtaiw ^^iwX^\ 
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IB incompatible with the power of volun* 
in, and vith the continuance of life for 
acted term ; and in another part of its 
th the maintenance of life beyond a few 
To prevent auch conaequences, so great 
ngth, BO perfect the attachment, to un- 
1e the resiatance of that portion of the 
jral Bubetance which suiTounds the edge 
iei of the vertebwe, that it will allow the 
^ to give way rather than yield. Yet bucIi 
oTtance of security to this portion of the 
Lt it is not trusted to one exj^cdient alone, 
is that might Bcem. Besides the interver- 
«tance, there is another distinct provieion 
ticulation of the bodies of the vertebne. 
ing at the second cervical vertebra, in it« 




fore port, and eitending the whole length of thi 
column to the ucnun, u * powerful Ugameal, 
compoKd of namerooi dutioet longitudhie] fibm 
(fig. L.)> which are paiticalariy expanded orer 
tbe interval* between the bones occupied bj tk 
intervertebral tubstsnce (fig*. L. 1, sad U. 
2, 2). This tigsment is termed dte < 




1. I^Jrliouaf theoecIpitdbDiw; 8. e 



anterior vertebrai, beneath which, if it be rwsed 
from the interrertebral substance, may be seeu 
small deaissating fibres, passing frrai the lower 
edge of the vertebra above, to the upper edge of 
the vertebra below (fig. L. 3), from which cir. 
comstance these fibres are texmsA crwaoi. 
S2. Corresponding yfiiii At Vt^^snsaiX wx 'ft^R 
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anterior, is uwihtr on the potterior p«rt of tbf 
>I»ae (fig. IJI< I), which Ukcsito origin from the 
fKunen migmim (,&g. Lll. 1); deicendi ftoin 




1. PoitcrioT Tertebtil ligament. 

thence, within the vertehral canal, on the posterior 
niiface of the bodies of the vertebra (6g. LII. 1), 
and extends to the tacmm. llui ligament it 
tenned the eommon potterwr vertebral, which, 
beaidea adding to the atrength of the union of the 
bodiea of the Tertebne, prcrenta the column itaelf 
from being bent too mach fonrard. 

93. Moreover, (he bony &Tcbu ot \!l«t ■swV&m. 
(^. mi. 1) are connected by in«KiA <A «. w^i»- 



stance parti; ligamentoat, find partly cartilagiDaia 
(fig. LIII. 2), which, while it Ib extremely elutic, 
ia capable of reiieting an estraordinaiy degree of 
force. 




94. And in the last place, the articular pi»- 
cesKs form bo many distinct joints, each being 
furnished with all the apparatus of a moveable 
joint, and thus poaseeaing the ordinary provinon 
for the articulation of bones, tn additidn to the 
whole of the foregoing securities. 

95. *' In the most extensive motion of which the 
spinal column is capable, that of flexion, the com- 
mon anterior ligament is relaxed ; the fore part of 
the intervertebral substance is compressed, and its 

hack part stretched ; wlnlc "Co-t commtsv ^fsOxnar 
Ugameat is ia a state of exlen»ot» V& *« titaiv- 
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* the column the state of the ligaments is 
id ; those which were extended being in their 
slaxed, while the common anterior vertebral 

put upon the stretch* In the lateral incli' 

of the column, the intervertebral substance 
Lpressed on that side to which the body is 

In the rotatory motion of the column, which 
r limited in all the vertebrae, but more par- 
ly in the dorsal, in consequence of their 
ment to the ribs, the intervertebral substance 
Ported, as are likewise all the ligaments* All 
3titons of the coliunn are capable of being 
to a great extent by the motion of the pelvis 
the thighs." 

" Tlie number and breadth of the attach- 
of these bones," says an accomplished ana* 

and surgeon,* " their firm union by liga* 
the strength of their muscles, the very in- 
erable degree of motion which exists between 
^0 of them, and lastly, the obliquity of their 
.ar processes^ especially in the dorsal and 
r vertebrae, render dislocation of them, at 
n those regions, impossible without fracture ; 
much doubt whether dislocation even of the 
il vertebrae ever occurs without fracture, 
through their bodies or their articular pro- 
The effects of each of these accidents 

produce precisely the same injury to the 

mtise on Ligaments, by 'fiiaxyiiV^^ "B. Ci^i^^'v^"*^ 
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Spinal marrow, and 83rmptoms of greater or less 
importance, according to the part of the spinal 
column that is injured. Death is the immediate 
consequence if the injury he above the third cer- 
vical vertebra, the necessary paralysis of the parti 
to which the phrenic and intercostal nerves are 
distributed causing respiration instantly to cease. 
If the injury be sustained below the fourth cervical 
vertebra, the diaphn^m is still capable of action, 
and dissolution is protracted. The symptoms, in 
fact, are less violent in proportion as the injury to 
the spinal marrow is further removed from the 
brain; but death is the inevitable consequence, 
and that in every case at no very distant period." 
97. So the object of the construction of the 
spinal column being to combine extent and freedom 
of motion with strength, and it being necessary to 
the accomplishment of this object to build up the 
column of separate pieces of bone, the connecting 
substances by which the different bones are united 
are constituted and du^osed in such a manner as 
to prove absolutely stronger than the bones them- 
selves. Such is the structure of this important 
portion of the human body considered as a piece 
of mere mechanism; but our conception of its 
beauty and perfection would be most inadequate 
if we did not bear in mind, that while the sjMnal 
column performs offices so varied and apparently 
BO incompatible, it foimft «a mtA!gca.ut portion of a 
/iVi A^ machine : it ia \t»«J^ «^^^-. c^wj \s»taa!\. 
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blood-veesele, absorbents and nenres, are nourish- 
ing, removing, renewing, and animating every part 
and particle of it. 

98. The anterior boundary of the thorax is 
formed by the bone called the sternum, or the 
breast bone, which is broad and thick at its upper, 
and thin and elongated at its lower extremity (figs. 
XLV. 6, and LIV.), where it gives attachment 
to a cartilaginous appendix, which being pointed 
and somewhat like a broadsword, is called the: 
ensiform cartilage. 



Fig. LIV. 




Anterior vi«w of the s\eTWixci« 
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99. Its position ia oblique, being near the ver- 
tebral column at the top, and distant from it at 
the bottom (fig. XLV. 6). Its margins are .thick, 
and marked by seven depressions, for the reception 
of the cartilages of the seven true ribs (fig. UV). 
Its anterior surface is immediately subjacent to the 
skin, and gives attachment to powerful muscles, 
virhich act on the superior extremities : its posterior 



Tig. LV. 




Posterior view of the sternum, 
surface is slightly hollowed in order to enlarge the 
cavity of the thorax (fig. LV.). 
100, The thorax is boMt\ded ^t \.\vt wdes by the 
ribs, which extend Vike so m«LX\^ a.xdv» V^v«^^ 
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the spinal column and the sternum (fig. XLV. 7, 
8). They are in number twenty-four, twelve on 
each side, of which the seven upper are united to 
the sternum by cartilage, and are called true ribs 
(fig. XLV. 7) ; the cartilages of the remaining 
five are united with each other and are not attached 
to the sternum ; these are called false ribs (fig. 
XLV. 8): all of them are connected behind to 
the spinal column (fig. XXXV.)* 

101. The ribs successively and considerably in- 
crease in length as far as the seventh, by which 
the cavity they encompass is enlarged ; from the 
seventh they successively diminish in length, and 
the capacity of the corresponding part of the cavity 
is lesscTied. The direction of the ribs from above 
downwards is oblique (fig. XLV. 7, 8). Their 
external or anterior surface is convex (fig. XLV. 
7, 8) ; their internal or posterior surface is con- 
cave : by the first their strength is increased ; by 
the second the general cavity of the thorax is en- 
larged (fig. XLV. 7, 8). Their upper margin is 
smooth and rounded, and gives attachment to a 
double layer of muscles, called the intercostal, 
placed in the intervals that separate the ribs from 
each other (fig. LIX.). Along the lower margin 
is excavated a deep groove, for the lodgment and 
protection of the intercostal vessels. 

102. The ribs are connected with the spinal 
column chiefly by what is termed tiha aulerw 
h'gament (Hg. LVI. 1), which ia «i\Xa.c)ftfc^ \a x^^ 
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head (tf the rib (fig. LVI.). uid which, dividi^ 
into thiee portioiu (fig. LVI. 1), fiimlj unitei 
erery rib to tiro of the mlebne, utd to the intcf 
fcrtcbcd wabstMBoe (fig. LVI. 1). This aiticv- 
latioa )• fortified 1i^ & secoad l^uneat (fig. LVL 
2), alao attached to a head of the rib, ten&ed Iht 
inierariicuiar (fig. LVI. 2)i and by three otben, 
oae of ^hidh ia attached on the fore part, mud the 
two others in the back part, to the neck of Uk 
rib(fig.LVILl). 




aftheneclusftbsiilH. 

Tbe cartilages of t\ie le^ca w^avst viba aie 
'**^rhrd to the ateriuna Vf adoiA&bVKjta qi^a^ 
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mentons fibre*, tamed the anterior and the pot' 
lerior UgatitenU of the ttermart ^Bg- LVIII). So 
stnmg UK the bauda which thus ittach the libi 
to the Bpinil column and the stenium, that the 
ritM cannot be dialocated without fncture. " Stich 
at leut is the ca«e in experiment* upon the dead 
body, where, though the nb be subjected to the 
application of force by mettns of an instnuneat 
best calculated to detach its bead irom the arti- 
culatioa, yet it is alway* broken." 



Fig. LVir. 
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While thus firmly attached to their points of 
sirjijKirt, the ligamentB, which fix them, are to 
disposed as to render the ribs capable of being 
readily moved ti[n*ardB and downwards : upwards 
in inspiration; downwards in espiration; and it 
is by this alternate action that they enlarge and 
diminish the cavity of the thorax in the function 
of respiration. 

103. Such are the boundaries of the cavity of 

the thorai as far as its walls are solid. The inler- 

Bpacea between these solid portions at the sides are 

Fig. LVIII. 




Liffameuia joining tlie laitWi^e* o^ *« ^ 
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filled. up by musclea, principally b; tboec termed 
the intercoatal (fig. LIX.); below, the boundary 
is formed by the diaphTagm (fig. LXI. 2); while 
above, as has been already stated (69), the cavity 
is so coDtTacted as only to leave an opening for the 
passage of certain parte to and from the cheat. 

104, The inner surface of the walla of the thorax, 
in its whole extent, is lined by a serous membrane, 
exceedingly thin and delicate, but still firm, called 
the pleura. The same membrane is reflected over 
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the organs of respiratioi) contained in the cavity^ 
so as to give them an external coat. The mem* 
brane itself is every where continuous, and every 
where the same, whether it line the containing or 
the contained parts; but it recdves a different 
name as it covers the one or the other : that porr 
tion of it which lines the wails of the cavity being 
called the costal pleura (fig. LXI. a), while that 
which covers the organs contained in the cavity 
is termed the pulmonary pleura (fig. LX. 5, 1). 

1 05. A fold of each pleura passes directly across 
the central part of the cavity of the thorax ; extend- 
ing firom the spinal column to the sternum, and 
dividing the general cavity into two. This portion 
of the pleura is called the mediastinum, from its 
situatkn in the centre of the thorax, and it so 
completely divides the thoracic cavity into two, 
that the organs on one side of the chest have no 
communication with those of the other; so that 
there may be extensive disease in one cavity (for 
example, a large accumulation of water,) while the 
other may be perfectly sound. 

106. The main organs contained in the cavity ot 
the thorax are the lungs with their air tube; the 
heart with its great vessels ; and the tube passing 
from the mouth to the stomach (fig. LX.). 

107. The two lungs occupy the sides of the chest 
(fig. LX. 5). They are completely separated 

from each other by the meToiVscsxiQus partition just 
described, the media^lioaxa. /R^Vw^tl ^^ \»^ 
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folds of the mediastinum, namely, in the middle 
of the chest, but inclining somewhat to the left 
side, is placed the heart, enveloped in another 
serous membrane, the pericardium (fig. LX. 

2,1). 

108. The lungs are moulded to the cavities they 
fill; whence their figure is conical, the base of the 
cone being downwards, resting on the diaphragm 
(fig. LX. 5, b); and the apex upwards, towards 
the neck (fig. LX. 5). 

109. That BurfiM^ of each lung which corre- 
sponds to the walls of the chest is convex in its 
whole extent (fig. LX. 5) ; on the contrary, that 
surface whidi corresponds to the mediastinum is 
flattened (fig. LX. 5). The basis of the lung is 
concave, adapted to the convexity of the diaphragm 
on which it rests (fig. IjX. 5). 

110. The air-vessd of the lungs, termed the 
bronchus, together with the blood-vessels and nerves, 
enter the organ at its flattened side, not exactly in 
the middle, but rather towards the upper and back 
part This portion is termed the root of the lung. 

111. The lungs are attached to the neck by the 
trachea (fig. LX. 4), the continuation of which 
-fofmn the bronchus ; to the spinal column by the 
pleura, and to the heart by the pulmonary vessels 
(fig. LX. 3, d) : their remaining portion is free 
and unattached. 

112. In the living body, the lun^* on ^^-^ i^^^e. 
completely £11 the cavity of the c^ie^X, ^^cwx«?> 

passively the movemeutfi of ita \««X\»^ ttxv^ ^^^^" 
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ipting themaelyes to its Aze, whether its 
enlarge in inspiration, or diminish in ex- 
so that the external surface of the lung 
monary pleura) is always in immediate 
dth the lining memhrane of the walls of 
7 (the costal pleura); consequently, 
fe, there is no cavity, the chest heing 
)mpletely full. 

rhe anterior surface of the pericardium, 
hich envelopes the heart, lies immediately 
he sternum, and the cartilages of the 
iiird, fourth, and fifth rihs, covered at its 
the pleura, and firmly attached helow to 
iragm (fig. LX. 1). 

lurrounded by its pericardium, within the 
lum, the heart is placed nearly in the 

the chest, but its direction is somewhat 
its apex being directly opposite to the in- 
fcween the fifth and sixth ribs on the left 

LX. 2) ; while its basis is directed up- 
lackwards, and towards the right (fig. 
That portion of its surface which is 
I to view on opening the pericardium is 
[fig. LX. 2); but its opposite smfeice, 
^hat which rests upon the part of the peri- 

which is attached to the diaphragm, is 

(fig. LX. 1). It is fixed in its situation 
' the pericardium and partly by the great 
hat go to and from it. Bwl \ucA^\ ^^ 
Btatea of expiration and m«^\t«^>^QXk^ '"^^^ 

1ft. 
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accompaniei, in Bome degree, the movcmi 
the diaphragm; &nd in the varied poeturei 
body, the heart deviatea to a certain ezten 
the esact pOHitioD here described. 

115. The second divieioii of the trunk, t 
domen, is bounded above by the diaphragi 
LXI. 2), below by the pelvis (fig, LXI. 3), 
and at the sidea by the vertebrae and mue 
the loins (fig. LXIII.), and before by the a1 
nal muBcles (fig. LXIII. 9). 

116. The organ which fonni the superior 
dary of the abdomen, the diaphragm (midri 
a circular muscle, placed transversely aero 
trunk, nearly at its centre (&g. LXI. 2). It 
a vaulted partition between the thoras ar 
abdomen (fig. LXI. 2). All around its boi 
is fleshy (fig LXI. 2); towards its centn 
tendinous (fig. LXI. 2); the surface towan 
abdomen is concave (fig. LXI. 2); that to 
the thorax convex (fig. LXI. 2) ; while its i 
tendinous portion ascends into the thorax u 
aa the fourth rib (fig. LXI. 2). 

in. The diaphragm is peribrated by a 
aperturea, for the transmission of tubea and y 
which pasa reciprocally between the thora 
abdomen (fig. LXII.). 

1. A separate aperture is formed to aSb 

exit from tbe thorax of the aorta, the coi 

source of the arteriea (.fcg.ISll.'i^.and an en^ 

into the tboiax o( thetlwtftdt4»£V»^i«.vi 
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View nt Iht diayhri 
diApbragm Bepa 
the abilDiniiii ; £ 



bean the digested aliment to the heart. 2. A littte 
to the left of the fonner, there ia another aperture, 
tbToagb which passes the eaopha^os ot ^>i&.«.\. V^^^- 
LXtl. 3), the tube that coqvctb t\it i<«A ^iwsi. ■&«> 

M.1 
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mouth to the stomach 3 On the i^ht side, in 

the tendinous portion of the diaphia^, very cue- 

FiK LXII 




Viinr of the diaphmgm with the tubea that pan Ihnnigh 
it. 1. Arch of the diaphragra ; 2. the tnink of the aorta 
paBaing fiDiDthe cheat into the abdoiDen; 3. the eaaphagu* 
paaaing ftom the chestithrough the diaphrBgm to tbe ilo- 
— ■• ■ 4. the lena aya, the great vein that tetunu the 
□ the lover parti of the bodj, paanoft 
the chest, in its way to the right 



biood to the heart fr 
from (ho abdomen. . . , . 

«i(f0 of the heart; 5. e. rouBc\«sl>v«> 



Me (i-uajisud that act upon &«lUf'b\ ^.1^m'aa;£«v^JS«A. 
/>soss ; 6. (he muscle ealVeil \Vi&ciu. 
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fully constructed, is a third aperture for the passage 
ot the vena cava (fig. LXII. 4), the great vessel that 
returns the blood to the heart from the lower parts 
of the body. 

118. The partition formed by the diaphragm be- 
tween the thorax and abdomen, though complete, 
is moveable; for as the diaphragm descends in in- 
spiration and ascends in expiration, it proportion- 
ally enlarges or diminishes the cavities between 
which it is placed ; consequently, the actual mag- 
nitude of these cavities varies every moment, and 
the size of the one is always in the inverse ratio of 
that of the other. 

119. Between the abdomen and the pelvis there 
is no Beparation ; one cavity is directly continuous 
with the other (fig. LXI. 3); but along the inner 
surface of the expanded bones, which form a part 
of the lateral boundary of the abdomen, there is a 
prominent line, termed the brim of the pelvis (fig. 
XLV. 15), marking the point at which the ab- 
domen is supposed to terminate and the pelvis to 
commence. 

120. Behind and at the sides the walls of the 
abdomen are completed partly by the lumbar por- 
tion of the spinal column and partly by the lumbar 
muscles (fig XLV. 4), and before by the abdo- 
minal muscles (fig. LXIII. 9). 

121. The inner surface of the walls of the abdo- 
men is lined throughout by a serous me.\3DL\MWNft^ 
termed tie peritoneum (fig. L'Xill.'^. ^x^\£i 'vicft. 
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walls of the abdomen, the peritoneum is leflected 
upon the organs contained in the cavity, and is 
continued over them so as to form their external 
coat. The peritoneum also descends between the 
several organs, connecting them together, and 
holding them firmly in their situation ; and it like- 
wise forms numerous folds, in which are embedded 
the vessels and nerves that supply the organs. It 
secretes a serous fluid, by which its own sur&oe 
and that of the organs it covers is rendered moist, 
polished, and glistening, and by means of which 
the organs glide smoothly over it, and over one 
another in the various movements of the body, 
and are in constant contact without growing to 
gether. In structure, distribution, and function, 
the peritoneum is thus perfectly analogous to the 
pleura. 

122. Like the thorax, the abdomen is always 
completely full. When the diaphragm is in 
action, it contracts. When the diaphragm is in 
the state of contraction, the abdominal and lumbar 
muscles are in the state of relaxation. By the 
contraction of the diaphragm, the organs contained 
in the abdomen are pushed downwards, and the 
anterior and lateral walls of the cavity being at 
this moment in a state of relaxation, they readily 
yield, and, consequently, the viscera are protruded 
forwards and at the sides. But the abdominal and 
lumbar muscles in tVieir t\rcxi coroJa^^X^, \\^^ d^- 
phragm relaxing; and, cotv^c^\ia^'Ct^,^^'«^^^«c^ 
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forced from tlie front and sides of the abdomen, 
are pushed upwards, together with the diaphragm, 
into the cavity of the thorax. A firm and uniform 
pressure is thus at all times maintained upon the 
whole contents of the abdomen : there is an exact 
adaptation of the containing to the contained parts, 
and of one organ to another. No space intervenes 
either between the walls of the abdomen and the 
organs they enclose, or between one organ and 
another : so that the term cavity does not denote 
a void or empty space, but merely the extent of the 
boundary within which the viscera are contained. 

123. The contents of the abdomen consist of the 
organs which belong to the apparatus of digestion, 
and of those which belong to the apparatus of 
excretion* 

124. The organs which belong to the apparatus 
of digestion are — 1. The stomach (fig. LXIII. 2"^ 
2. The duodenum (fig. LXIII. 4). 3. The jejunum 
(fig. LXIII. 5). 4. The ilium (fig. LXIII. 5). The 
three last organs are called the small intestines, 
and their ofiice is partly to carry on the digestion 
of the aliment commenced in the stomach, and 
partly to afford an extended surface for the absorp- 
tion of the nutriment as it is prepared from the 
aliment. 5. The pancreas (fig. LXIV. 5). 6. 
Tlie liver (fig. LXIV. 2). 7. The spleen (fig. 
LXIV. 4). The three last organs truly belong 
to the apparatus of digestion, and thek ofRo.^ \% \.^ 
co-operate with the stomacli and \iift «av^ xs&i^- 
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the conversion of the Bliment inb 



tines II 
ment, 

125. The organs which belong to the ap 
of excretion are — 1. The large intestine 




1. Eiophai^a, 2 itarnaeh, 3. livei rai'ed, ihoi 
under 'urface ; 4 duodenum , h sm&ll lotcstiDea ; 
cam; 7. colon, 8, unnary Wadiet , ^ (jaWWaW 
ibduiainal mugdes divided and lettetteA. 
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tisting of the coecum (fig. LXIII. 6). 2. The 
colon (fig. LXIII. 7). 3. The rectum (fig. 
liXIV. 10). It is the office of these organs, which 
are called the large intestines, to carry out of the 
system that portion of the alimentary mass which 
is not converted into nourishment 4. The kid- 
neys (fig. LXIV. 6), the organs which separate in 
the form of the urine an excrementitious matter 
from the blood, in order that it may be conveyed 
out of the system. 

126 The last division of the trunk, called the 
pelvis (fig LXI. 3), consists of a circle of large 
and firm bones, interposed between the lower 
portion of the trunk and the inferior extremi- 
ties (fig. XLV.). The bones that compose the 
circle, distinct in the child, are firmly united in 
the adult into a single piece ; but as the original 
separation between each remains manifest, they 
are always described as separate bones. They are 
the sacrum (fig. XLV. 5), the coccyx (fig. 
XXXV.), the ilium (fig. XLV. 11), the ischium 
(fig. XLV. 12), and the pubis (fig. XLV. 13). 

127. The sacrum, placed like a wedge between 
the moveable portion of the spinal column and the 
lower extremities, forms the posterior boundary of 
the pelvis. The figure of this bone is triangular 
(fig. XLV. 5); its anterior surface is concave 
and smooth^for enlarging the cavity of the pelvis 
and sustaining the organs coTvt«cmtd \tl Sx. ^^. 
XIjV. 5); its posterior Buxiace \^4 cwvn^^^ '\^^- 
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General vie 

5. pancreas; 6. kidiiByB-, 7.v)i«en\ 8-«iiua 
a portion of the inteMinBeaWeiauoteoun.-, 
the iate»tme called lectumi W. ft« ao^^^ 
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pilar, and rough (fig. XXXV.)* gi^ng origin to 
;he great muscles that form the contour of the 
lip, and to the strong muscles of the back and 
oins that raise the spine and maintain the trunk 
)f the hody erect. 

128. The hase or upper part of the sacrum re- 
ceives the last vertebra of the loins on a large and 
i)Toad surfJEU^ (fig. XLV. 4), forming a moveable 
joint; and the degree of motion at this point is 
greater than it is at the higher points of the spinal 
column. Firmly united at its sides with the 
hannch hones, it admits there of no degree of 
motion. 

129. The coccyx, so named from its resem* 
blance to the beak of the cuckoo, when elongated 
by a succession of additional bones, forms the tail 
in quadrupeds ; but in man it is turned inwards to 
support the parts contained in the pelvis, and to 
contract the lower opening of the cavity. By 
means of a layer of cartilage, the medium by 
which this bone is connected with the sacrum, it 
forms a moveable articulation, continuing move- 
able in men until the age of twenty-five, and m 
women until the age of forty-five; continuing 
moveable in women thus long, in order that by 
yielding to the force which tends to push it back- 
wards during the period of labour, it may enlarge 
the lower aperture of the pelvis, and so facilitate 
the process of parturition and diminish its «ttffe.Y«v%. 

130. The lateral bonndanea oi \)!ftfc ^^mSa ^«» 
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formed by the ilium, the haunch bone (fig. XLV. 
11), and by the ischium, the hip bone (fig. XLV. 
12). The ilium forms the lower part of the 
abdomen and the upper part of the pelvis (fig. 
XLV. 11); its broad expanded wing supports 
the contents of the abdomen, and gives attachment 
to the muscles that form the anterior portion of its 
walls (figs. XLV. 11, and LXIII. 9); its external 
convex surface sustains the powerful muscles that 
extend the thigh ; and along its internal surface 
is the prominent line which marks the brim of the 
pelvis (fig. XLV. 15), and which divides this 
cavity from that of the abdomen. 

131. The ischium or hip bone is the 1ow;er part 
of the pelvis (fig. XLV. 12); at its undermost 
portion is a rounded prominence called the tube- 
rosity (fig. XLV. 12), in its natural condition 
covered with cartilage, upon which is superimposed 
a cushion of fat. It is this part on which the body 
is supported in a sitting posture* 

132. The pubis or share bone forms the upper 
and fore part of the pelvis (fig. XLV. 13), and 
together with the two former bones, completes the 
large and deep socket, termed the acetabulum (fig. 
XLV. 14), into which is received the head of the 
thigh bone (fig. XXXIV. 4). The margin of the 
acetabulum and the greater part of its internal 
surface is lined with cartilage, so that in its natural 
condition it is much deepex than it appears to be 

when the bones alone Temsia, 
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1S3. The lower aperture of the pelvis, which 
appears large when all the soft parts are removed, 
is not really large, for in its natural state it is filled 
up partly hy muscles and partly hy ligaments, 
which sustain and protect the pelvic organs, leaving 
only just space enough for the passage to and from 
those which have their opening on the external 
sur&ce* 

134. The cavity of the pelvis, together with all 
the organs contained in it, are lined hy a con- 
tinuation of the memhrane that invests the ahdo 
men and its contents. 

1 35. The organs contained in the pelvis are the 
rectum (fig. LXIV. 9), which is merely the termi- 
nation of the large intestines, the urinary hladder 
(fig. LXIV. 8), and the internal part of the appa- 
ratus of reproduction. 

136. The large and strong hones of the pelvis 
not only afford lodgment and protection to the 
tender organs contained in its cavity, hut sustain 
the entire weight of the hody, the trunk resting on 
the sacrum as on a solid hasis (fig. XLV. 5), 
and the lower extremities heing supported in the 
sockets in which the heads of the thigh hones play, 
in the varied movements of locomotion (fig. 
XXXIV. 4). 

131. The last division of the body comprehends 
the superior and the inferior extremities. 

138. The superior extremities consist of the 
shoulder, arm, fore-arm, and Yiaivd. 
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139- The soft parta of the sHoui-DBa an 
posed chiefly of muBcles ; its bones are tw 
tcapula or the blade bow, and the davi 
the collar bone (fig. LXV. 2, 4). 

Fig. LXV. 




I. Sternum; 2. elBiiela; 3. nt*; 4. a 
pula; S. corMoidDrDcesa of KspaU; 
■ of sCBpula i 7. margin of gleiioid ci 
Mdy d[ the humetus or bDna of the aim 



Ily of M 
: 9. he« 



140. Ttie SCAPULA ia placed upon the upp- 
back part of the thorai, and occupiea the 
iroia the second to the Bevcv,ftvfi\« V^.VX 
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Unlike that of any other bone of the body, it 
JB embedded in muscles, without being attached 
to any bone of the trunlc, excepting at a single 
point. From the bones of the thorax it ie se- 
pkrated by a double layer of muscles, on which 
it ie placed as upon a cushion, and over the smooth 
Burface of which it glides. Originally, like the 
bonea of the Bkull, it consisted of two tables of 
compact bone, with wo intennediate layer of spongy 
boQj milMtance (dipW); but, by the pressure of 
the muBclea that act upon it, it gradually grows 
thinner and thinner, until, as age advances, it be- 

Fig. LXVI. 




1. Poctrrior aiirface nf tCKptila; 2. mu^n of gratia.-, 
eromioaproren; 4.ini>rpQot B\eiiovicD.\S.\^-, ^.C*.'<'si«\ 
viily of humttut i 7. htsadoC hutn«Tvu, 
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kt face is concave (fig. LXV. 4),coiTespondii 

I convexity of the ribs (fig. XLV. 7); its j 

surface is very irregular (fig. LXVI. 1 ), 1 
some parts concave and in others convex, 
origin especially to two large processes (figs 
5, and LXVI. 3) ; one of which is ten 
acromion (fig. LXVI. 3), and the other th 
coid process of the scapula (fig. LXV. 5] 
1^ margins of the bone, wtiatever the thin 

some portions of it, are always comparative 
I and strong (fig. LXVI. 2), affording p< 

;i origin or of insertion to powerful muscl 

what is called the anterior angle of the bor 
is a shallow oval depression covered with c: 
and deepened by a cartilaginous margin, 
the glenoid cavity of the scapula (figs. L 
and LXVI. 4), which receives the head 
f humerus or bone of the arm (figs. LXV. 

LXVI. 7. 6). 
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the scapula (fig. LXV. 2), by moveable joints. 
Tbe nature of an immoveable joint has been ex- 
plained (63). In the connexion of the bones 
of the trunk, while the main object is to secure 
firmness of attachment, some degree of motion is 
at the same time obtained (81 et seq.) : but the 
mode in which the several bones of the extremities 
are connected with each other and with the trunk, 
admits of so great a degree of motion, that these 
articulations are pre-eminently entitled to the name 
of moveable joints. The component parts of all 
moveable joints are bone, cartilage, synovial mem- 
brane, and ligament. The great character of a 
moveable joint is the approximation of two or more 
bones ; yet these bony surfaces are never in actual 
contact, but are invariably separated from each 
other by cartilage. The cartilage either covers the 
entire extent of the articulating surface of the 
bones, as in the shoulder-joint, where both the head 
of the humerus and the cavity of the scapula that 
receives it are enveloped in this substance (Bg. 
LXV. 7. 9), or a portion of it is placed between 
the articulating surfaces of the bones, as in the 
joint between the clavicle and sternum (fig. LXVII. 
a) ; which, when so placed, is termed an inter- 
articular cartilage (fig. LXVII. a). By its 
smooth surface cartilage lessens friction ; while by 
its elasticity it facilitates motion and prevents con- 
cussion. Slightly organized cait\la^<& U ^x^'rA^^k 
with comparatively few blood-\e%itf^i^ «sA t^rt^^'^ 
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Had it been vascular and sensible like the skin 
and the muscle, the force applied in the movements 
of the joint would have stimulated the blood-vessels 
to inordinate action, and the sensibility of the 
nerves would have been the source of constant 
pain : every motion of every joint would have beet 
productive of suffering, and have laid the founda* 
tion of disease. The facility and ease of motioft 
obtained by the smoothness, elasticity, and com- 
parative insensibility of cartilage are still further 
promoted by the fluid which lubricates it, termed 
synovia, secreted by a membrane called synovial, 
which lines the internal surface of the joint, and 
which bears a close resemblance to the serous 
(30). S3rnovia is a viscid fluid of the con- 
sistence of albumen (5). It is to the joint what 
oil is to the wheel, preventing abrasion and fa- 
cilitating motion ; but it is formed by the joint 
itself, at the moment when needed, and in the 
quantity required. The motion of the joint stimu- 
lates the s3rnovial membrane to secretion, and 
hence the greater the degree of motion, the larger 
the quantity of lubricating fluid that is supplied. 
The several parts of the apparatus of moveable 
joints are retained in their proper position by liga- 
mentous substance, which, as has been shown (96 
and 91), is oftentimes so strong that it is easier 
to fracture the bone than to tear the ligament, and 
in every case the kind and. e^Xei^t. of motion pos- 
Bessed by the joint are deipexidtivX. tmm^ wi'^ 
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form of tbe ftTticulatory aurfaGM of the bones and 
cm the disporition of the ligamenta. 

143. Id the joint formed hj the clancle and 




1. The fibroin eaphule of thgirtvniuiii uidclaiicle: 2. th* 
ume laid iiptn, ihiiwiii){ a, tbc intenuticuiiii cuiilii|rEj 
3. the li|;iimEnt «iaDectiii|( the two cluviclo; 4. iIie li>,'i- 
BKiit juiuia|{ the cluiclo to the 6nt rib; ft. ligament* 
paninK down iu front of the aturnuni. 

the iternun) (fig. LXVII.a) an interarticular car- 
tilage ia placed between the two bones which are 
united, firat by a atrong fibrous ligament, which 
enyelt^ them as in a capsule (fig. LXVII. 1) ; 
by a second ligament, which extenda from the 
cartilage of the first rib to the clavicle (fig. 
LXVII. 4), by which the attachment of the cla- 
vicle to the sternum is materially strengthened ; 
and by a third ligament which passes transvenely 
from the head of one clavicle to that of the other 
(fig. LXVII. 3). The joint thus formed, thnwtb. 
•ovtnw^and firm that the dieVoca^an^c^ '-&'->>>«>- 
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ceedingly rare, yet admits of some d^ree of u 
tion in every directioD, wpwaria, downwards, i 
wards, and backwards ; and tlils articulation is 
sole point by which the scapula is connected ^ 
the trunk, and consequently by which the up 
extremity can act, or be acted upon, by the resl 
the body 

144 The scapular extrenuty of the cla»i 
(Gg LXVIII 6) IB attached to the processes of 




I The elanele 2 tbe antenor part of the seapi 
3 the coraco d p Dceai 4 the acroin on pnceaa 5 the 
n eius 6 1 ^amenta b ad ag the Kap lar end of the 
V F e til he acR m on 7 S 9 1 gamcnts pass Bg ftmn 
process of the a apula to the other 10 the fibioug capi 
of the shuuldcr joint. 

scapula (fig. LXVIII. 4. 3) by several ligame 
of great strength (fig. LXVUI. ^, 8, 9). F: 
by very strong fasciculi which pass from the up 
surface of the clavicle to the acromion of the » 
pula C%, LXVIII. 6); wi4 aewjaiii^s^XwX' 
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ments Mrhich unite the clayicle with the coracoid 
process of the scapula (fig. LXVIII. 8, 9). These 
ligaments are so powerful that they resist a 
force capable of fracturing the clavicle ; and they 
need to be thus strong, for the clavicle is a shaft 
which sustains the scapula, and through the 
scapula the whole of the upper extremity ; and the 
main object of the joint by which these bones are 
united, is to afford a firm attachment of the scapula 
to its point of support. 

145. The clavicle serves the following uses: 
it sustains the upper extremity; it connects 
the upper extremity with the thorax ; it prevents 
the upper extremity from falling forwards upon 
the thorax ; and it affords a fixed point for steady- 
ing the extremity in the performance of its various 
actions. 

146. The glenoid cavity of the scapula (fig. 
LXY . 7) receives the head of the humerus, the bone 
of the arm (fig. LXV. 9), and the two bones being 
united by ligament form the shoulder-joint (fig. 
LXVIII.)- This joint is what is termed a ball 
and socket joint, the peculiarities of which are two : 
first, beyond all others this mode of articulation 
admits of free and extensive motion; in the pre- 
sent case, there is the utmost freedom of motion in 
every direction, upwards, downwards, backwards, 
and forwards. In the second place, this mode of 
articulation admits of the moliou oC \k^ \Ya^ '<«c^« 

out that of the body, or of the mo^aoxi oi^Qofc"^^^ 
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without that of the limb. When at rest, the ann 
may be moved in almost any direction without 
disturbing the position of any other part of the 
frame; the manifold advantages of which are ob- 
vious. On the other hand, by careful manage- 
ment, very considerable variations in the posture 
of the body may be effected without the communi- 
cation of any degree of motion to the limb; an 
unspeakable advantage when the limb has sus- 
tained injuiy, or is suffering from disease. 

147. It docs not seem possible to construct a 
joint of great strength, capable, at the same time, 
of the degree of motion possessed by the joint of 
the shoulder. So shallow is the socket of the sca- 
pula, and so large the head of the humerus, that 
it seems as if the slightest movement must dis- 
lodge it from its cavity (fig. LXVI. 4. 7). For sus-. 
taining heavy weights or resisting a great ajnount 
of pressure, applied to it suddenly and in various 
directions, the arm is obviously unfitted. But this 
is not its office. The superior extremities are the 
organs of apprehension — the instruments by which 
the mind executes the commands of the will. They 
do not need the strength required by the organs 
that sustain the weight of the body and that per- 
form the function of locomotion; but they do need 
freedom and extent of motion: to this strength 
may be sacrificed, and so it is ; yet what can be 
done to combine strengtYv Yal\i T£vo\y^\te^ \& effected, 
i^^rge and strong procesaea oi X^ovia^ ^-t^^^R&isii^ 



BALL AND SOCKET JOINT. 263 

as has been shown (141), from the convex sur- 
face of the scapula (figs. LXV. and LXVI.), 
overhang, and to a considerable extent surround, 
the head of the arro-bone, especially resisting the 
force that would dislodge it from its socket and 
drive it upwards, inwards, and backwards (fig. 
LXV.), the directions in which force is most com- 
monly applied to it. By these processes of bone 
the joint is greatly strengthened, especially in those 
directions. Moreover, a strong ligament, termed 
the fibrous capsule (fig. LXVIII. 10) envelops the 
joint. This ligament, arising from the neck of the 
scapula (fig. LXVIII. 10), expands itself in such 
a manner as completely to surround the head of 
the humerus (fig. LXVIII. 10) ; and then again 
contracts in order to be inserted into the neck of 
the bone (fig. LXVIII. 10). This ligament is 
strengthened by the tendons of no less than four 
muscles which are expanded over it, as well as by 
the powerful substance termed fascia which is re- 
flected upon it from both the processes and liga- 
ments of the scapula. In addition to all these ex- 
pedients for fortifying the joint, it receives a further 
security in the position of the scapula, which is 
loose and unattached ; which slides easily over the 
ribs upon its cushion of flesh ; which thus obtains, 
by its facility of yielding, some compensation for 
its want of strength, eluding the force which it 
cannot resist. 
148. The arm consists of Ti\raiwo\vfc ^xA^'s^^- 
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All mnscleB, mi of a aingle bone, the b 
whicli belongB to the class of boaes termi 
drical (185). 

149. The upper end of the humeruB tei 
in a circular head (fig. LXV. 9),wluch is 
into the socket of the scapula (fig. LX' 




1 . Lover extremity of the humerus ; 2, eraoTed 
3. internal coDilyle; 4. eKteTDbV cmd-jU -, S. theu 
oftbeulna; 6. the head, ''• '^^''''*^^' *■ '*** 
thfi atdiuM. 
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termed, as has been stated (141), its glenoid 
cavity. The middle portion of the bone, or what is 
termed its shaft (fig. LXV. 8), diminishes con- 
aiderably in magnitude, and becomes somewhat 
rounded (fig. LXV. 8), while its lower end again 
enlarges, and is spread out into a flattened surface of 
great extent (fig. LXIX. 1 , 3, 2, 4). Of this broad 
tlattened surface, the middle portion is grooved 
C %. LXIX. 2) : it is covered with cartilage ; it forms 
the articulating surface by which the arm is con- 
*^ected with the fore-arm. On each side of this 
groove there is a projection of bone or tubercle, 
termed condyle (fig. LXIX. 3,4), the inner (fig. 
^XIX 3) being much larger than the outer (fig. 
tiXIX. 4). The inner condyle gives origin to the 
Muscles that bend, the outer to those that extend 
tlie fore- arm and the fingers (figs. LXXXIV. 
J , 2, and LXXXV. 1). 

150. The muscles that act upon the arm arise 
from the back (fig. LXXII. 2), the chest (fig. 
tiXXL 1), the clavicle (fig. LXXI. 1), and the 
Scapula (fig. LXXL 3) ; and they move the arm 
with freedom and power upwards, downwards, for- 
nrards, backwards, inwards, and outwards. The 
3hief muscle that raises the arm is the deltoid (fig. 
LXXI. 3), which arises partly from the clavicle 
md partly from the scapula (fig. LXXL 3) . It has 
;he appearance of three muscles proceeding in dif • 
erent directions, the different poitYou^ bt.vcv% ^^- 
mrated by slight fissures (J\%^. "LXXX . *i^ ^^^ 

VOL. /. 11 
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x\ea on the Fute pact of the chi 
act upon the Bcm. I.ThemiiKle oiled the great >p< 
2. the BiDftll pectoral] 3. Ihu ildltoid ; 4. the hiimiir 

LXXII.3). The fibres converging unite an 
a powerful muscle which coveri the joint 
humerus (fig. LXXI.3). It ia implanted by 
and strong tendon into the middle of the hi; 
(fig LXXI. 4). Its manifest action is to p 
arm directly upwards. Its action is asBisted 
jnusclee that cover ttie feacV o? \.\ie ic^^vjla^ 
are in Jibe manner inaetleA mWi 'i^it^ranw! 
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wliich, at the same time that they elevate the ann, 
support it when raised. 

151. The principal muscle that carries the arm 
downwards is the latissimus dorsi (fig. LXXII. 2), 
the broadest muscle of the body, which, after having 
covered all the lower part of the back and loins, 
terminates in a thin but strong tendon which 
stretches to the arm, and is implanted into the hu- 
merus (fig. LXXII. 2), near the tendon of a 
muscle immediately to be described, — the great 
pectoral. When the arm is raised by the deltoid 
and its assii^nt muscles, the latissimus dorsi carries 
it downwaids with force, and its powerful action 
is increased by that of other muscles which arise 
from the scapula and are inserted into the arm. 

1 52. The principal muscle that carries the arm 
forwards towards the chest, is the great pectoral 
(fig. LXXI. 1), which, arising partly from the cla- 
vicle (fig. LXXI. 1), partly from the sternum (fig. 
LXXI. 1), and partly from the cartilages of the 
second, third, fourth, fifth, and sixth ribs (fig. 
LXXI. 1), covers the greater part of the breast 
(fig. LXXI. 1). Its fibres, converging, terminate 
in a strong tendon, which is inserted near the 
tendon of the longissimus dorsi into the humerus, 
about four inches below its head (fig. LXXI. 1). 
These two muscles form the axilla or armpit, 
the anterior border of the axilla consisting of the 
pectoral muscle. Though each of t\i^«j& XEv\^\ij(^\^'i^ 
108 its own peculiar office, yet \\ic^ oi\.«v ^j;:X v^ 
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ncert, thereby greatly increasing their power, and 
e result of their combined action is to carry the 
n either directly downwards or to the side of the 
sst. 

153. Some of the muscles that elevate the arm 
ry it inwards, and others outwards ; the muscles 
t carry it forwards likewise carry it inwards ; 
ile of the muscles that pull it downwards, some 
set it forwards and inwards, and others back 
xls and outwards (151 and 152). 
. 54, It has been already stated that the shoulder- 
it IS completely surrounded by the muscular 
es or the tendinous expansions of several of 
se powerful muscles, which have a far greater 
ct in maintaining the head of the humerus in 
socket than the fibrous capsule of the joint; 
latter being necessarily loose, in order to allow 
the extended and varied motions of the arm, 
sreas the muscles that encompass the joint ad- 
B closely and firmly to it. Moreover, by virtue 
their vital power these muscles act with an 
dency which a mere ligamentous band is inca- 
le of exerting ; for they apportion the strength 
-esistance to the separating force, and react 
1 an energy proportioned to the violence 
lied. 

55. The bones of the fore- arm are two, the 
i and the radius (figs. LXIX. and LXXIIL). 
J ulna is essentially the bone oi \.\v«i ^\Ja^^ ^^- 
X 5, andlxXXIlI. 3) -, t\ie i«l^\\3l«»\X\iw\.^^^^ 



baud (fig. IjXXV.). Suppoeing the arm to hug 
b; the side of the body, and the palm of the 
liand to be turned forwardi, the ulna, ia sppoaition 
with the little finger, occupieB the inner ; and the 
nuiiiu, in appositian with the thumb, occupies the 
Duter part of the fore-ann (fig. XXXIV. 3). 

156. The upper end of the ulna belonging to 
the elbow is large (figs. LXIX.B.and LXXin.3). 
It Knds backwards the large projection commonlf 
named the elbow or olecranon (6g. LXXII. 3), 




1. The internal condyle «E VheYivntAiin-, l.tha exlemil 
condyle of the humerus ; 3. \^ a\Bci«iicm^vK»u <A v?t» 
u/iia ; 4. the head oC the tadius. 
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in the centre of which there is a smooth and 
somewhat tnangular surface (fig. LXXIII. 3) 
which is always covered hy skin of a coarso tex- 
ture, like that placed over the lower part of the 
knee-pan, as if nature intended this for a ])art 
on which we may occasionally lean and rest. 
Large at the elhow, the ulna gradually grows 
smaller and smaller as it descends towards the 
wrist,* where it ends in a small round head (Hg. 
LXXXII. 2), beyond which, on the inner side, or 
that corresponding to the little finger, it projects 
downwards a small rounded point, termed the 
styloid process (fig. LXXXII. 3). As the styloid 
process and the olecranon, the two extremities of 
the ulna (figs. LXXIII. 3, and LXXII. 3), are 
easily and distinctly felt, the length of this bone 
was primitively used as a measure, called a cubit, 
which was the ancient name of the bone. 

157. The radius, the second bone of the fore- 
arm, placed along its outer part next the thumb, is 
small at its upper end (figs. LXIX. 6, and 
IjXXIII. 4) ; but its body is larger than that of 
the ulna ; while its lower end, next the wrist to 
which it properly belongs, is very bulky (fig. 
LXXXII. 1). Its upper end is formed into a small 
circular head, which is united by distinct joints 
both to the humerus and to the ulna (fig. LXIX. 6) . 
The top of its rounded head is excavated into 
a shallow cup (figs. LXIX. 6, and LXXIII. 4) 
wbieh receives a correspondm^ coxivesSx.'^ ^1 ^'t 
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humerus (fig. LXIX. 2), and its lower extremity 
is excavated into an oblong cavity, which receives 
two of the bones of the wrist (fig. LXXXIII. 1. 4). 

158. The joint of the elbow is composed above 
of the condyles of the humerus (6g. LXIX. 3. 2), 
and below by the heads of the ulna and radius 
(fig. LXIX. 5. 6). 

159. The upper surface of the ulna is so accu- 
rately adapted to the lower surface of the htfraerus 
that the one seems to be moulded on the other 
(figs. LXIX. 5, and LXXIII. 3), and the form of 
these corresponding surfaces, which are every where 
covered with cartilage, is such as to admit of free 
motion backwards and forwards, that is, of exten- 
sion and flexion ; but to prevent any degree of mo- 
tion in any other direction. The joint is therefore 
a hinge-joint, of which the two motions of flexion 
and extension are the proper motions. This hinge 
is formed on the part of the humerus by a grooved 
surface, with lateral projections (fig. IjXIX. 2, 
3, 4), and on the part of the ulna by a middle pro- 
jection with lateral depressions (fig. LXIX. 5) : th< 
middle projection of the ulna turning readily on th( 
grooved surface of the humerus (fig. LXIX. 2). 

160. The bones are held in their proper situa 
tion, first, by a ligament on the fore part of the aim 
called the anterior {fig, LXXIV. 6), which arise 
from the lower extremity of the humerus, and i 

inserted into the upper pail o^ \\v^ vi\v\^ wA tJ\ 
coronary ligament of the xadrnft V^.^.^^^'^V^ • 




AatuioT TUiv of the li^amtnla ur the elbvW'juinl. I. 
1^ lama (lortioD of the humniui; i, the upper jioHiun 
•f tha nuliui ; 3. the iipiwr pDrtion uf the ulna ; 4. tha in- 
teraal condyje; i. the external caadylej 6. the uiteiior 
ligament; 7. poctioa of the internal lateral U^ament; 8. 
poition of the coninary liaameal ; 9. the alilique li|{aiaeiit j 
10, upper portion I'f the intcrosBtoiia ligamcDl. 

8) ; secondly, by another ligament on the back part 
of the arm, called the posterior ligament (fig.LXXV. 
8), placed in the cavity of the humerus that receive! 
the olecranon of the ulna (tig. LXXV. 8) ; and 
thirdly, by two other ligaments at the sides of the 
ulna (% LXXV.6,7). The ulna and radiua are 
united, first, by a ligament ctL\\e&. \^% cJnwv«x^^ 
vrhkbf ariging from the vAna, ^uum cKcne^tii^ 
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Posterior view of the lif^menta of the clbaw-jjwt 
1. Lowet end of tlie humemi; 2. intenwl eondfle; S.X- 
tenial condyle ; 4. the olernnon pcDcesi of the ulut ^ 
the upper poriion of the radius; 6. the intenul latmlfifi- 
nient; 7. the eitemal Isteral ligament ; 8. the poilenM 
ligamenl^ 

around the head of the radiui {6g. LXXVI. 8), 
and the attachment of which, while aufficientlj 
cloEc to prevent the aepsration of the two bonei, v 
yet not adherent to the radiuB, tor a reasoa inunc 
diately to be asHigned ; secondly, by anotber liga 
ment which passes in an oblique direction from on 
bone to the other (fig. LXXVI. 4) ; and thirdly 
bj a dense and broad ligament, termed the inter 
fjyeota ("figs. LXXlV.\0,an4\X5;X\.&^, whkl 
Slla up the apace between t\»e t^'' ^*«w* ■osKfe.y 
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view of the tlgamfnli conuediajc the ulna and 'adiui ti 
iiac uppvi part. 1. The radius t 2. the ubai 3. the co- 
nmuytiKameutiiiTroiiiidiDgthe heidef theiadiui I 4. the 
oblique ligaineDl pasaing from the ulna lo the tubercle of 
the raiUo* ; 9 the upper pertioD of the iuteniiiivout li|{a> 

Lheir whole extent. This ligaraent serves orher 
tfficee bestdeB that of forming a bond of union, 
ifibrding, more especially, a greater extent of but- 
Bce A>r the attachment of muscles, and separating 
:he muaclei on the anterior from those on the pos- 
erior part of the limb. 

161. At their inferior estremilies the ulna and 
-mdiuB are united partly by the interosseous liga- 
nent(Gg. LXTTVII. I)and partly by ligamentous 
ibrea which pas; transTeisely from one bone to 
he other (Sg. LXXVII, 21 on iW watersw wA 
he posterior siirface of the foie-BLim. 
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162. The lover extr^ai^ of the radius it ulic 
united lo die wiiit ; and the hand being attached 
to the wrist, the junction of the band and the fot^ 
arm is effected b; the articulatiraof the wrist villi 
the radius (fig. LXXVII.). The Ugaments wiucli 




1. laleroiMoui ligament] 2. Iraaavene fibKipunDf 
betweea the rodiu* and ulna, and uniting the two bonci) 
3. 4 5. poiterior and Utenl liKsmepts of Ibe wiiit jmU 
G. ligaments iiniling the bonei of the wrut vitb one U- 
other ; 7. B. lieamenta which attach the metacarpal to Ibl 
rorpal bonet; 9. tranaierae ligimentB for the nttachmnt 
of the phalange! of the fintren; \&. \t,\tnVV\fuiienls (w 
the aftaehmenl of the plia\anB6» ot ft« ^ii^** ^^- "**(> 
meata of the thumb. 
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connect the bones of the wrist with the radius are 
hands of exceeding strength (fig. LXXVII. 3). 

163. The muscles that act upon the fore-arm are 
placed upon the arm (fig. LXXVIII.) The joint of 
the elbow being a hinge joint, the fore-arm can ad- 
mit only of two motions, namely, flexion and exten- 
sion. The muscles by which these motions are ef- 
fected are four, two for each ; the two flexors being 
placed on the fore part (fig. LXXVIII. 2. 4), and 
the two extensors on the back part of the arm 
(fig. LXXIX. 5). 

164. The two flexor muscles of the fore-arm are 
termed the biceps and the brachialis (fig. LXXVII I . 
2 J 4). The biceps is so called because it has two 
distinct heads or points of origin (fig. LXXVIII. 
2), both of which arise from the scapula (fig. 
LXXVIII. 2). About a third part down the hu- 
merus the two heads meet, unite and form a bulky 
muscle (fig. LXXVIII. 2), which, when it con- 
tracts, may be felt like a firm ball on the fore part 
of the arm, the upper part of the ball marking the 
point of union of the two heads (fig. LXXVIII. 2). 
The muscle gradually becoming smaller, at lengtli 
terminates in a rounded tendon (fig. LXXVIII. 3), 
which is implanted into the tubercle of the radius 
a little below its neck (fig. LXXVIII. 3). It is 
an exceedingly thick and powerful muscle, and its 
manifest action is to bend the fore- arm with great 
strength. But since its tendon is incieited \w\a t\v^ 
udlus, besides bending the foTe-sim,\\.«k»s«Xs^^'0^^^ 
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Vie» of the fleior miuelei of the fore-um. 1. The mi- 
fenbr surface of Iho Bcapu\&; l.On niavi\« c&lUd !»«•[• i 
3. tendon of the biceps pMuuf; to Ow W\tti£\« <A.'b«W£»k\ 
4. the tauKh) called biachiB^i- 
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muscles that also act upon the radius in the per 
formance of a function to be described immediately 
(168). 

165. The second flexor of the fore-ann, termed 
the brachialis, is placed immediately under the 
biceps, and is concealed by it for a considerable 
part of its course (fig. LXXVIII. 4) . Arising from 
the humerus, on each iaide of the insertion of the 
deltoid, it continues its attachment to the bone all 
the way down the fore part of the humerus, to 
within »n inch of the joint; it then passes over 
the joint, adhering (irmly to the ^interior ligament 
(fig. LXXVIII. 4), and is inserted by a strong 
tendon into the ulna (fig. LXXVIII. 4). It is a 
thick and fleshy muscle, powerfully assisting the 
action of the biceps, 

166. The two extensor muscles are named the 
triceps and the anconeous (fig. LXXIX.). The 
triceps, seated on the back part of the arm, derives 
its name from having three distinct points of origin, 
or three separate heads (fig. LXXIX. 5) ; one of 
which arises from the scapula and two from 
the humerus (fig. LXXj[X. 5). All these heads 
adhere firmly to the humerus, as the brachialis 
does on the fore part of the arm, down to within 
an inch of the joint (fig. LXXIX. 5), where they 
form a strong tendon, which is implanted into the 
olecranon of the ulna (fig.L XXIX. 3) ; the projec- 
tion of which affords a lever for increasm^ t\ve. ^oXi'cs^ 
of the muscle. In all animals thcA.\e«L\^vcA\vwssA< 
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this process of the ulna is iDcreued in Itngdi 
in iiraportion to their power of performing Ibetr 




View of th« eitansur musdmot ft« ^qi*-m«.. \.T\« 
•rapida: 2. Ihe unrei pari ot ttus VnneiM*-, V vif^aJk 
"/" 'Ao ulna ; 4. upper end ot ttie nAv.™-, f.. ft« n™^ 
«i/*<i Ineept^ the extensor ol VW lors-iTro. 
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nents. The triceps forms an exceedingly thick 
trong muscle, which envelops the whole of 
)ack part of the arm (fig. LXXIX.); its 
I is simple and obvious ; it powerfully extends 
•re-arm. The anconeous, a small muscle of a 
^lar form, arising from the external condyle 
humerus, and inserted into the ulna a little 
' the olecranon, assists the action of the 

B. 

^ Such are the motive powers which act 
the fore-arm, and which produce all the 
ns of which the hinge joint of the elbow 
rs it capable. But besides flexion and ex- 
•n, the fore-arm is capable of the motion of 
Dn, which is accomplished by means of the 
5. It has been shown (157) that the top of 
mnded head of the radius is excavated into 
illow cup (figs. LXIX. 6, and LXXIII. 4) 
I receives a corresponding convexity of the 
rus (figs. LXIX. 2, and LXXIII. 2). In 
quence of this articulation with the humerus, 
adius, like the ulna, can move backwards 
3rwards in flexion and extension, the proper 
nents of the hinge-joint ; but that portion of 
largin of the hinge of the radius which is 
308ition with the ulna is convex (fig. LXIX. 
nd is received into a semilunar cavity hol- 
out in the ulna (fig. LXIX. 5). In this 
the rounded head of the T%.d\>\« \«s<j\n^%^ 
70 bonea being held togelYvw >a^ V)ci^ X^*^- 
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mcnt already described (160), which surrounds 
the head of the radius (fig. LXXVI. 3), and 
which holds it firmly without being adherent to 
it, and without impeding in any degree the ro- 
tatory motion of the radius. Below, the surface 
of the radius next the ulna is hollowed out into a 
semilunar cavity (fig. LXXXII. 1), which receives 
a corresponding convex surface of the ulna (fig. 
LXXXII. 2), upon which convex surface the radios 
rolls (fig. LXXXII. 1). Thus, by the mode in 
which it is articulated with the ulna above, the 
radius turns upon its own axis. By the mode in 
which it is articulated with the ulna below, the 
radius revolves upon the head of the ulna ; and, in 
consequence of both articulations, is capable of 
performing the motion of rotation. Moreover, the 
hand being attached to the radius through the 
medium of the wrist (figs. LXXXII. 1. 4. and 
LXXXIII. 1. 4) must necessarily follow every 
movement of the radius; the rotation of which 
brings the hand into two opposite positions. In 
the one, the palm of the hand is directed up- 
wards (fig. LXXXII.) ; in the other, it is turned 
downwards (fig. LXXXIII.). When the hand is 
turned upwards, it is said to be in the state of 
supination (fig. LXXXII.); when downwards, 
in that of pronation ( fig. LXXXI II.). A distinct 
apparatus of muscles is provided for ejecting 
the rotstion of the ladiMs, \tv oxdet to bring the 
hand into these opposite «Xft\.«»'. crafc vxi^^w 
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ducing its supination, and another its prona-* 
tion. 

168. The principal supinators arise from the 
external condyle of the humerus (fig. LXXX.)) 
and are called long and short (fig. LXXX. 4, 5). 
The long supinator extends as far as the lower end 
of the radius, into which it is inserted (fig. LXXX. 
4) : the short supinator surrounds the upper part 
of the radius, and is attached to it in this situ- 
ation (fig. LXXX. 5.). Moreover, the triceps, 
being inserted into the radius (164), often co- 
operates with the supinators and powerfully assists 
their action. 

169. The principal pronators are also two, called 
the round and the square (figs. LXXXI. and 
LXXXVI. 1). The round pronator arises from the 
internal condyle, and passing downwards, is in- 
serted into the middle of the radius (fig. LXXXI. 
4) ; the square pronator is a small muscle between 
the radius and ulna^ at their lower extremities 
being attached to each (fig. LXXXVI. 1 ) 

170. The action of t^iese muscles in producing 
the rotation of the radius, and so rendering the 
hand supine or prone, is sufficiently manifest from 
the mere inspection of the diagrams (fig. LXXXI. 

4). . 

171. The hand is composed of the carpus, me- 
tacarpus, and fingers. 

172. The carpus (fig. LXXXII. 4) consists ot 
eight amall wedge-shaped bones, ipWtJ^m^^ws^^^ 

row, each row containing an ec^MsX ttvi'w^i^^ "^2^' 
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hoinerus ; 2. the ulnft ; 3. the radius; 4. the muscle called 
the long supinator passing to be inserted into the lower iK>r- 
tion of the radius ; 5. the muvcle^ called the sjiort supioa- 
tor, surrounding the upper part of the radius. 



the whole dispoBed like ttones in an arch (fi^. 
LXXXII. 4). They do in fact form an arch, the 
convexity of which is upwards, on the dorsal sur- 
face (fig. LXXXIII. 4); and the concavity down- 
wards, on the palmar surface (fig. LXXXII. 4). 
But they differ from the stones of an arch in this, 
that each hone is joined to its fellow hy a distinct 
moveable joint, each being covered with a smooth 
articulating cartilage. At the same time all of 
them are tied together by ligaments of prodigious 
strength, which cross each other in every direc- 
tion (fig. LXXVII. 6), so that the several separate 
joints are consolidated into one great joint. The 
consequence of this mechanism is that some 
d^ee of motion is capable of taking place be- 
tween the several bones, which, when multiplied 
together, gives to the two rows of bones such an 
extent of motion, that when the wrist is bent the 
arch of the carpus forms a kind of knuckle. By 
this construction a facility and ease of motion, and 
a power of accommodation to motion and force, 
are obtained, such as belong to no arch contrived 
by human ingenuity. 

173. The metacarpus (fig. LXXXII. 5), the 
middle portion of the hand, interposed betw^etv 
the wrist and the fingers, is comipoiifc^ vA ^^ 
boncB, which are placed parallel to eadck o\>cv^'t V.^%- 
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(XXII. 5). Theyve convex outwardly, fonn- 

g the IwcIe (fig. LXXXIII. 5), and concave in- 

ardlv, fonnini; the hallow of the hand (Gg. 

Fit;. LXXXll. 




1. Lover eibemily of ths radius; 2. lover eiti^mitjr uf 
Hm ulna; 3. itylaid piDceii of the itlnat 4. bonvi of the 
caipuR or viiit; '>. metacarpal bonei ; G. first (halau^ 
alike Bogtn; 7. aeeond phalangeaoE X'hs&n^tn-, ^-'Cmx^ 
pbaiangea oFUk Ungen, 
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LXXXU.5). Theyarela^ateBchend,tofonD 
the joints by which they are connected with tbt 
wriat and GngerB (figs. LXXXII. and LXXXIIL): 
they are Nnall in the middle, in order to iffind 
room for the lodgment and arrangement of ibe 
Pig. LXXXllI. 




I. Loweieiliemitv of the Tadiui ; 2. lovei flxtnoiitT of 
tbe ulaa ; 3, ttyloii pioceu o! l^w \i,\iia-, 4. boDs* of tht 
earpiit; 5. meUcnrpal boa«a-, 6.7. 4. ftiA, wwsi, «fc 
fi'ini pbalaageh at the fiagen. 
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nraacks, thai move the fingers from side to side (fig. 
LXXXVI. 3). Their ends, which are joined to the 
carpus, are connected by nearly plane surfaces (figs. 
LSLXXII. and LXXXIII.): their ends, which 
support the fingers, are formed into rounded heads, 
which are received into corresponding cup-shaped 
cavities, excavated in the top of the first bones 
of the fingers (fig. LXXXII. 5.). The powerful 
ligaments that unite these bones pass, both on the 
dorsal and the palmer siuface, from the inferior 
extremity of the second row of the carpal to the 
bases of the metacarpal bones (fig. LXXYII. 1,8). 
The ligaments are arranged in such a manner as 
to limit the motions of the joints chiefly to those 
of flexion and extension, ailowrng, however, a 
slight degree of motion from side to side. 

174. Each of the fingers is composed of three 
separate pieces of bone, called phalanges; the 
thumb has only two (fig. LXXXII. 6, 7, 8) : the 
phalanges are convex outwardly (fig. LXXXII. 6, 
7, 8) for increasing their strength, and flattened 
inwardly (fig. LXXXIII. 6, 7, 8) for the conve- 
nience of grasping. The last bones of the fingers, 
which are small, terminate at their under ends, 
in a somewhat rounded and rough surface (fig. 
LXXXIII. 8), on which rests the vasciilar, pulpy, 
and nervous substance, constituting the special 
organ of touch, placed at the points of the fingers, 
and guarded on the upper surface by the T\«il ^&^, 
LXXXII. 8). 

VOL. 1. O 
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175. THe round infeiior eltretnity of the meU- 
(carpus is admitted into the cavity of th^ superior 
extremity of the first phalanx of the five fingers 
(figs. LXXXII. and LXXXIIL), and their joint* 
are connected hy lateral and transverse ligaments 
of great strength (fig. LXXVII. 9). The situatioil 
and direction of the ligaments which unite the 
several phalanges of the finger* (fig. LXXVII. 9) 
arc; precisely the same as those of the articulation of 
the phalanges with the metacarpus (fig. LXXVII. 
7^ 8) ; and the articulation of these bones with one 
another is such as to admit only of the motions of 
flexion and extension. 

176. The muscles which perform these motions 
are seated for the most part on the fore-arm. In- 
dependently of the supinators and pronators which 
have beeii already described (167 et seq.), there 
are distinct sets of muscles for bending and ex- 
tending the wrist and the fingers. The flexors 
arise from the internal, and the extensors from the 
external, condyle of the humerus (fig. LXIX. 3, 
4). The intenriil condyle is larger and longer 
than the external (fig. LXIX. 3, 4); for the 
flexors require a larger point of origin add a 
longer fulcrum than the extensor muscles; be- 
cause to the actiotis of flexion, such as grasping, 
bending, pulling, more power is necessary than to 
the action of extension, which consists merely in 

the un/blding or the openini^iiixVi^l^aiid previously 
to the renewal of the grawp. 
/ 77. For the same xeaaoti, t^o m>\^^ «^ Y^ 
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tided for flexing, while only one is provided for 
extending the fingers. The flexors, bulky, thick, 
imd strong, are placed on the fore part of the fore- 
arm (fig. LXXXIV.). The first, named the 
superficial flexor (fig. LXXXIV. 1), about the 
middle of the arm, divides into four fleshy por- 
tions, each of which ends in a slender tendon (6g. 
LXXXIV. 1). As these tendons approach the 
fingers they expand (fig. LXXXIV. I), and when 
in apposition with the first phalanx, split and form 
distinct sheaths for the reception of the tendons 
of the second flexor (fig. LXXXIV. 3). After 
completing the sheath, the tendons proceed for- 
ward along the second phalanx, into the fore part 
of which they are implanted, and the chief office 
of this powerful muscle is to bend the second joint 
of the fingers upon the first, and the first upon 
the metac^al bone. Its action is assisted by a 
second muscle, called the deep or profound flexor 
(fig. LXXXIV. 2), because it lies beneath the 
former; or the perforans, becatise it pierces it. 
Bulky and fleshy, this second flexor, hke the first, 
about the middle of the arm, divides into four ten- 
dons, which, entering the sheaths prepared for 
them in the former muscle (where the tendons are 
small and rounded for their easy transmission and 
play), pass to the root of the third phalanx of 
the fingers into which they are implanted (fig. 
LXXXIV. 3). 
178. The muscle that extends iVve ^i[\^ct%^caSiftj\ 

o7^ 
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the common eztenior,it placed on the back part of 
the fore-arm (fig. LXXXV.)» about the middle of 
which it divides into four portions which terminate 
in 80 many tendons (fig. LXXXV. 2). When 
they reach the back of the metacarpal bones, these 
tendons become brond and flat, and send tendinous 
•xpansions to each otber, forming a strong tendi- 
nous sheath whieh surnmnds the back of the 
fingers (fig. LXXXV. 2). These tendinous ex- 
pansions are inserted into the posterior part of the 
bones of the four fingen (fig. LXXXV. 2) ; and 
their office is powerfully to extend all the joints of 
all the fingers (fig. LXXXV. 2). 

179. On both the palmar and dorsal regions of 
the wrist are placed ligaments for tying down these 
tendons, and preventing them firom starting from 
their situation during the action of the muscles 
(figs. LXXXrV. and LXXXV.). On the pal- 
mar region an exceedingly strong ligament passes 
anteriorly to the concave arch of the carpus (fig. 
LXXXIV. 4) for the purpose of tying down the 
tendons of the flexor muscles. On the dorsal sur- 
face (fig. LXXXV.}, a similar ligament, passing 
in an oblique direction from the styloid process of 
the radius to the styloid process of the ulna (fig. 
LXXXV. 3), performs the same office in tying 
down the tendons of the extensor muscle. Both 
iheae ligaments are called annular. 

180. In the palm of the hand are i^Wt.<i ^<^^v 
lifliwi muaclea which assist the flexors ^1 >i)DA 
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an (fig. LXXXVl. 2), being chiefly meful in 
tling the fingen to perform with strength and 
iaion short and quick motions. There an 




. The miiicle called Ihe iquare pronator; 2. miMclet 
^■d in Ihe palm of the hand, bj which, ehUfljr, lb* 
en execute short snd rB[>id rootuini. 
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especially four small and rounded muscles (fig. 
LXXXVI. 2), resembling the earth worm in form 
and size, and hence called lumbricales; but as 
their chief use is to assist the fingers in executing 
short and rapid motions, they have also received 
the better name of the musculi fidicinales. 

181. The thumb, in consequcDce of the com 
parative looseness of its liganiaits, k capable of a 
much greater extent of motion tkan llie fingers, and 
can be applied to any part of each of die fingers, to 
different parts of the hand, and in direct opposition 
to the power exerted by the whole of the fingers and 
hand, in the act of grasping. The mttBcles which 
enable it to perform these varied motions, and 
which act powerfully in almost ftvery thing we do 
with the hand, form a mass of flesh at the ball of 
the thumb (fig. LXXXVII. 1), almost entirely sur- 
rounding it. The little finger is also provided with 
a distinct apparatus of muscles (fig. LXXXVII. 2), 
which surrounds its root, just as those of the 
thumb surround its ball, in order to keep it firm 
in opposition to the power of the thumb in the act 
of grasping, and in various other motions. 

182. The upper extremity ia covered by a tendi- 
nous expansion or fascia which envelopes the whole 
arm, encloses its muscles as in a sheath, and affords 
them, in their strong actions, ** that kind of support 
which workmen feel in binding their arms with 
tboBga, *' This fascia likewise descends between 



MnKXa or TMB 80PBRIOS BXTKEHITY. '^Hl 




1. The miiBi of maMles fotming (he ball of the thumb 

2. tlw nuM of muBcles rormiD); the h^ll of the little Aagci 

3. tandoos of one of the flexor muKleB of the iioKeia ; 

4. ihaBthi funned b; the leniloni of the lupeificial Seuii 
tot tbe roception of thu t«iiduii> of ibe deep fli«ot. 

muxty of the muscle*, forming «tioqg partitionB be- 
tween them, aod aflbrding points of origin (o matiy 
of thrir fibres, scarcely less fixed than bone itself. 
163. From the whqie, it appeaiB, ttwt the 
first joint of the upper extremities, that of the 
wbouider, is a b^ll qud socket joint, & "yivoX. *i- 
mttingofmotioa in every direction ;t\\»,\tfnfti«^»'^^ 
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joint, that of the elbow, is partly a binge-joint, 
admitting of flexicHi food extension, and partly a 
rotation joint, admitting of a turning or rotatory 
motion ; and that tiie joints of the wrist and of the 
fingers are likei^te binge^joints, admitting at the 
same time of some d^ree of lateral motion. When 
these various motions are combined, the result it 
that the hand can apply "itself to bodies in almost 
every direction, in any part of the area described 
by the arm, wken all the joints are moved to their 
utmostgicxtent. There is thus formed an instru- 
ment of Considerable strength^ capable of a sur- 
prising variety and complexity of movements, 
capable of seizing, holding, pulling^ pushing and 
striking with great poWer, yet at the same time 
capable of apprehendinj^ the minutest objects, and 
of guiding them with the utmost gentleness, pre- 
cision^ and accuracy, so that there are few concep- 
tions of the designing mind which cannot be ex- 
ecuted by the skilful hand. 

184. The lower extremities consist of the thigh, 
leg, and foot. 

185. The osseous part of the thigh consists of 
a single bone^ called the femur (fig. JCXXIV. 4), 
the longest, thickest, and Strongest bone in the 
body. It sustains the entire weight of the trunk; 
and occasionally much heavier loads superimposed 
ujjon it. It is constructed in such a manner aft 

to combine strength w\l\i W^Xxvee^*. This is 
eSected by rendering the \ioiie ^\m>x S& Xw^sscmsB^ 
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called cylindrical; that is, a bone in which the 
osseous fibres are arranged around a hollow cylinder. 
There are twp varieties of osseous matter, — the 
compact, in whicl^ the fibres are dense and solid 
(fig. LXXXVIII. 1), and the spongy, in which 
the fibres are comparatively tender and delicate 
(fig. LXXXVIII. 2). Both varieties are, indeed, 
combined, more or less, in every bone, the compact 
substance being always external, and the spongy 
internal ; but in the cylindrical bones the arrange- 
ment is peculiar. £very long or cylindrical bone 
consists of a body or shaft (fig. I^XXXVIII. 4.), 
fmd of two extremities (fig. LXXXVIII. 5). The 
body is composed principally of compact sub- 
stance, which on the external surface is so dense 
und solid, that scarcely any distinct arrangement 
is visible; but towards the interior this density 
diminishes ; the fibres become distinct (fig. 
LXXXVIII. 5), and form an expanded tissue 
of a cellular appearance (fig. I^XXXVIJI. 5), the 
cells being called cancelli, and the structure can- 
cellated. In the centre of the bone even the cancelli 
disappear; the osseous fibres tenpinate; and a 
hollow space is left filled up, in the natural state, 
by an infinite number of minute membranous bags 
which contain the pagrrow (fig. LXXXVIII. 3). 
In the body of the bone, to which strength is requi- 
site, that part being the most exposed to external 
yioletice, the compact matter is aTTaTv^<&dL vxf^-vxcA ^ 
jeentnl cavity. By this means ^tteii^cjCtv \& %^c^a^ 
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A fedioliof the fcmiu, thawiaK, 1. tbe compact b« 
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without any addition of weight ; for the resisting 
power of a cylindrical body increases in proportion 
to its diameter ; consequently the same number of 
osseous fibres placed around the circumfetence of a 
circle produce a stronger bone than could have been 
Constructed had the fibres been consolidated in the 
centre, and had the diameter been proportionally 
diminished. The hollow space thus gained in its 
centre^ renders the bone lighter by the subtraction 
of the weight of as many fibres as would have gone 
to fill up that space ; while its strength is not only 
not diminished by this arrangement, but positively 
increased. On the other hand, at the extremities 
of the bone, space, not strength; is requited ; re- 
quired for the attachment and arrangement of the 
tendons of the muscles that act upon it; and for the 
formation of joints (fig. LXXXVIII. 5). Accord- 
inglyj at itd extremities the boiie swells out into 
bulky surfaces; but these surfaces are composed, 
not of dense and solid substance, but of spongy 
tissue, Covered by an exceedingly thin crust of 
compact matter, and so, as by the former expedient 
strength is secured without increase of weight, by 
this, space is obtained without increase of weight. 
186. The thigh-bone, placed at the under and 
outer part of the pelvis, has An oblique direction, 
the under being considerably nearer iti^ fellow than 
the upper end (fig. XXXIV. 4), in order to afford 
eptice for the passages at the boUom oi \)cv^ ^^Nhse»^ 
md also to favour the action 6i 'wiiXtexv^. '^^'^^ 
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body of the bone, which is of a rounded form (fig 
XXXIV. 4), is smooth on its anterior surfiice 
(fig. XXXIY. 4), where it is always slightly oon- 
vex, the convexity being forwards (fig. XXXIV. 
4), while its posterior surface is irr^^iar and 
rough, and forms a sharp proininent line^ termed 
the linea aspera (fig. XXXV- 4), giving attach- 
ment to numerous muscles. 

187. The superior extremity of the femur ter- 
minates in a large ball or head^ which forms nearly 
two thirds of a sphere (fig. LXXXIX« 4.). It 
is smooth, ooyered with cartilage, and received into 
vhe socket of the ilium exiled the acetabulum, 
which, deep as it is, is still further deepened by the 
cartilage which borders the brim (fig. LXXXIX. 
3). The brin> is particularly high in the upper 
and outer part, because it is in this direction that 
the reaction of the ground against the descending 
weight of the trunl^ tends to dislodge the ball firoin 
its socket. 

1 88. Passing obliquely downwards and outwards 
from the ball, is that part of the femur which is 
called the neck (fig. LXXXIX. 5). It spreads 
out ^rchlike between the head and the body of the 
bone, and is more than an inch in length (fig. 
LXXXIX. 5). It is thus long in order that 
the head of the bone may be set deep ip its socket, 
and that its motions may be wide, free, and unem-* 
harrassed, 

189. From the exleTtisX «\ixfeicfc ^l VJws. l^\«sa^ 
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I> Itmtt pDrtloD of the iliam ; 2. tbbennity of lh« 
•Kluumi 3. socket for tha head of the femur, ui thi^-h- 
bone; 4. heodorihe f.;murt .'>. neck oCthe femwr ; 6. ihe 
RTMl (imceBa of the femur called the troehaDtet major; 
7. the body of the femur. 

nearly in a line with its axig, proceeds the largeFt 
and Btrongest bony proceu of the body which girea 
insertion to its most powerful muacles, namely, 
tbo»e that eitend the thigh and t\iM \,\irt\ W xvys^ 
(ft laia (Sg. LXXXIX. 6). BttaAi«s, fewtv'-to 
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oblique directiDii, it rotates the thigh, this pToc«n 
is called the tn^hanter, Euid, from its Bixe, the 
trochant^ major. At the under and inper part of 
the neck on the poiterior surface of the bone, ii 
a Bimilfir proce»B, but much smtlUer, called the 




I ■ Lower end of the feroui ; 3. cnodyln of (be fbrnur; 
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lanter minor (fig. XXXT. 4), into which u« 
ted the miuclei that bend the thigh. 
0. The inferior extremity of the femur, much 
ler and thicker than the superior (f^. 




terior TIB* of fNe bonn fDniiini; th« kaw-joint. 
W and of the fcinurf 2. npp«r end of tha &) 
.■ulac (urfRCe* oa the head of the tibia, on which 
^h-bone plays; 4. uppetendof the &\n^iuAi:iAn~ 
I the knee joint. 
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XC. 1), is terminated by two eminences, with 
smooth surfaces, termed condyles (fig. XC. 2), 
which, articulated with the tibia, and the patella, 
fopfQ the joint of the knee (figs, XC. 2, 4, 5, and 
XCi. 1, 2, 3). 

191. The bones of the leg, two in number, 
consist of the tibia (fig. XC. 3) and fibula (fig. 
XC. 6). The tibia, next to the jfemur, the longest 
bone in the body, is situated at the ipner side of 
the leg (fig. XC. 3). Its superior extremity is 
bulky and thick (fig. XC. 3). The top of it forms 
two smooth and slightly concave surfaces, adapted 
to the convex surfaces of the condyles of the femur 
(fig. XC. 4, 2). On its outer sidq there is a smooth 
surface, to wliich the head of the fibula is attached 
(fig. XC. 6). Its lower extremity, which is small, 
forms a concavity adapted to the convexity of the 
bone of the tarsus, called the astragalus, with which 
it is articulated (fig. XCII. 4.) Its inner part is 
produced so as to form the inner ai^kle (figs. XCII. 

2, and XCI 1 1. 3) : its outer side is excavated into 
a semilunar cavity, for receiving the under end of 
the fibula, which forms the outer ankle (figs. XCII . 

3, and XCIII. 4). 

192. The fibula, in proportion to its length 
the most slender bone of the body, is situated at 
the outer side of the ti^ia (fig. XC. 6). Its 
upper end formed into a head, with a flat surface 
on its inner aide (^^«. XC ^^ «cad XCI. 4), is 
£nnJy muted to the tab\a (,H. XC». A.'^. \\».\wk^ 



end fomu tits oater ankle, which ii lower and 
&rtherback th^q theinaerCfig. XCII. 3,2). 




ingtbeiDDecuikle 3 lixrcTead of the Gbula tbrniing the 
outer uiUb 4. upper part of the utn^taliu tbeaa three 
bom* fmm the aakls-juiat ; i b i, other bone* of tha tai- 
■ot I 6 3 fi 6 6 Dutatanal bones. 

193. The patella, or knee-pan (fig. XC. 5), ii 

a light but strong bone, of the figure of the heart 
aa painted on plajing-cards, placed &t. l\i% f me, ^%:^ 
^ the joint of the knee, and attac\i«A.\(^ «.*W««l. 
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terDil mallivluB or ankleg 4. eilemal mallFOltu at anUe; 

5. ODtarthetuMlbonei, called the ailngalui, with which 
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ligament to tlie tibia, the motionB of which it 
rollowi (fig. XC. 5). It is lo^ed, irhen the 
hiee is extended, in a cavity formed for it io die 
/emur (Sg, XC) ; v\xa\xxX,'vi ^ •Mi^^ssr-ssA. 
for it at the fore p&rt oi Vtifc Vnea (^^. "XR, V\ - 
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194. The foot consists of the tarsus, metatar- 
sus, and toes. 

195* The tarsus, or instep, is composed of seven 
strong, irregular-shaped bones, disposed like those 
of the carpus, in a double row (fig. XCII. 4, 5). 
The arrangement of the tarsal bones is such as to 
form an arch, the convexity of which above, con- 
stitutes the upper surface of the instep (fig. XCII. 
4, 5) : in the concavity below are lodged the 
muscles, vessels, and nerves that belong to the sole. 

196. The metatarsus consists of five bones, 
which are placed parallel to each other (fig. XCII. 
6), and which extend between the tarsus and the 
proper bones of the toes ( fig. XCI 1.6). Their ex- 
tremities, especially next the tarsus, are large, in 
order that they may form secure articulations with 
the tarsal bones (fig. XCII. 6). Their bodies are 
arched upwards (fig. XCII. 6), slightly concave 
below, and terminate forwards in small, neat, 
round heads, which receive the first bones of the 
toes, and with which they form joints, admitting 
of-a much greater degree of rotation than is ever 
actually exercised, in consequence of the practice 
of wearing shoes. The natural, free, wide*spread- 
ing form of the toes, and the consequent security 
with which they grasp the ground, is greatly 
impaired by this custom. Taken together, the 
bones of the metatarsus form a second arch cor- 
responding to that of the tarsus (fig. XCVIIl. 2 V 
197. Each toe consists of t\\Te^ di^\kTLcX>a^T«»k 
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oaDed, like those of tHe imgen, pluJai^tt (fig 
XCVIII.), bat the great toe, like the thumb, bae 
only two (fig. XCVlil.). Th^t extremity of the 
first phalanges whibh is next the metatarsal bones 
is hollowed into a socket for the head of the meta* 
tarsal bones. 

198. Besides the bones already described, there 
are other small bones, of the size and figure of 
flattened peas, found in certain parts of the ex- 
tremities, never in the trunk, called sesamoid, 
from their resemblance to the seed of the sesamum. 
They belong rather to the tendons of the muscles 
than to the bones of the skeleton. They ate 
embedded within the substance of tendons, are 
found especially at the roots of the thumb and of 
the great toe, and are always placed in the direc- 
tion of flexion. Their office^ like that of the 
patella, which is, in truth, a bone of this class, 
is to increase the power of the flexor muscles by 
altering the line of their direction, that is, by rd' 
moving them farther from the axis of the bone on 
which they are intended to act 

199. The ligaments which connect the bones of 
the lower extremities are the firmest and strongest 
in the body. Of these, the fibrous capsule of the 
hip-joint (fig. XCIV. 1), which secures the head 
of the femiir in the cavity of the acetabulum (fig. 
XCIV.)| is the thickest and strongest. It com- 

pletely surrounds the 3o\xvl (^%. ^C\N . \^. It 
arises from the whole cue wafewvc.^ 'oli ^^ ^^^ 
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I. The fibroui capaule vt the hip-joint, laid optn and 
lumed aiidi! lo ahow, 2. the round lif^nuiut iu itii niktiiral 

bulum, and, proceeding in a tlirection otitwards 
and backwaide, is attached below to the neck of 
the femur (fig. XCIV. 1). It is thicker, utronger, 
aiitl much more cloEcly attached to the hones than 
the fibrouB capiule of the shoulder -joint (144), 
becauBe the hip-juint is formed, not like the ehoul- 
der-juint, fot extent of motion, but for strength. 
Its intetnal surface is lined h; synovial mem- 
brane, and its external slirf^ce is covered and 
strengthened hy the insertion of muscles that 
move the thigh-bone. The joint is Htrengthened 
by another ligament, which passeB from the inner 
ami fore part of the cavity of tht aceXBh\A«Kv l^^ 



TBI PBILOSOFHT OF BKALTB. 

rig.xcv. 




A view of tbe bead of tbe (vmui drawn out of itt ncbt, 
■nd nupended bj tbe louiul ligament, tu ibow nion elcarir 
the actkiD of the ligwneDt in retaiiuiig tbe bod af A* 
femur in ito •ockeL 

XCV.) to be iiuerted into the lietd of the feaat 
(fig. XCIV.), called the round ligioaent, tbe ofEce 
of which obviously ia to hold the bead of Ht 
femur firmly in itc Bocket. 

200. NumeTOUB and complicated ligwneiita con- 
nect Ibe bones that form the knee-joint (Gg< 
XCVL), and the ■(reogiSi oSftiewE.Y™'!*'*-'^**^* 



UOAHBNTI OV THE KNKK* 




neral view oF the li|{ameDliof the kuce-joiat. 1. Lower 
if the femur; 2. upper end of the tibia; 3. upper eiiil 

49 Bbula; <l. the patella; b. united teadoua af tba 
irar muiclea ; 6. Ugameata of the patella ; 7. the cap. 
iniestmeiituf (he knee; 8. the inteinal lateral lig^a- 
; 9. the eitcraal lateral liKHmFiiti ; 10. the pDatenix 
lent; II. the li{(i>ment couiiertiii); ihu tibia UM fibula) 
pnrtian of the iatennieoui ligament. 

■eatly increased by the tendont that move the 
[f*g. XCVI. 5), which paBs over, aud more or 
auTTOund, the joint. 

31. Strong ligameata maintain in their '^ro^ex 
tion the bonea that tbrro the aaVXfc-YKaX. VS%- 
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joint 1. LowM end of the tibia; 'i. lowec end ' 
SbuUj 3. Mtrat^iU) 4. oi calcit; b. Viguaeal b< 
the tibia and fibula ; 6. Ugament paiBiii(( tmro the 
to the agbagaluB ; 7. ligament passing tiom the fit 
the oa calcii ; B. ligament paaiung nom the tibi> 
aattagalus. 



XCVII.), connect the bonea of the tareua tm 
tataraufl with one another (fig. XCVIII. 1) 
articulate the several phalanges of the toei 

xcvm. 2). 

202. The joint of t\»ft to.^, \&» "S****- 




enl *>«« of the ligamruls of the tole of the feci. 
unmli eoaattHing the boiuii ot the tuiua ; i- li^"- 
cuDnKting tbe bunei al' the toea. 



ler, IB capable ol flexion, exteoiion, and 
an ; but its rotatory motione are to a much 
xient, on account of the greater deptb of the 
julum and the stronger and ahorter fibrout 
le. When the femur ia &ex«A, \\»t &a^» 
pon tbe pelvis, and its iafehot «jAs«tto»*'>* 
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carried forwards. When it Ib extended, the th^li 
IB carried baclcwards. The two thighs mi; be 
Bcp&rated from each other laterally (Bbducdon}, 
or brought near to each other (adductioR), or tlie 




VieiT of the muiciei thnt bend the thigh. I. Tha 
muiele called paoos; t. tVi«mov^«ca^&e4.iluiicui; 3. ten- 
<h)iiB of these muicle*, j^m^ to \iB'™s«<w4«*a'Cw»<»i. 
e&aoter minar of the fenuu. 
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one may be made to cross the other, and they may 
\e rotated outwards or inwards. 

203. The apparatus of muscles that produces 
these varied motions is seated partly on the trunk 
and partly on the pelvis. Thus, the powerful 
muscle that flexes the thigh, or that carries it for- 
wards, termed the psoas (fig. XCIX. 1), arises 
from the last vertebra of the back,\nd successively 
from each vertebra of the loins (fig. XCIX. I), 
and is inserted into the lesser trochanter of the 
femur (fig. XCIX. 3). Its action is assisted 
first by a large and strong muscle named the 
iliacus (fig. XCIX. 2), which occupies the whole 
concavity of the ilium (fig. XCIX. 2), and which, 
like the psoas, is inserted into the lesser trochanter 
of the femur (fig. XCIX. 3). 

204. The muscles that extend the thigh, or that 
carry it backwards, named the glutaei, the most 
powerful muscles of the body, are placed in suc- 
cessive layers, one upon the other, on the back 
part of the ilium (fig. C. 1,2, 3), and are inserted 
into the linea aspera of the femur. They con- 
stitute the mass of flesh which forms the hip, and 
their powerful action in drawing the thigh back- 
wards is assisted by several other muscles (fig. 
C. 4, 5, 6). Their action is never perfectly simple 
and direct; for those which move the thigh for- 
wards sometimes carry it inwards, and sometimes 
outwards ; and in like manner, those wMclv Ytvw^, 

it backwards, at one time carry it m^at^^b «.\A ^ 



or HBALTH. 




View of the miucles that extend the thigh. 1 . The 
muacli! calleil icluteeua maoniuH, numoied from Ll| oriKin. 
2, 2. to Bbow the niiucles which lie benevh it ; 2. cut eige 
■huwing the orif^n of Ihe aame muselei 3. the muecle 
CAlled Klutnue mvdiiw ; 4, b, 6, ■mailer miuclet, aniatinit 
the artioD of the gluts). 

anotAer outwards, according to the direction of the 
fibrea of the muBcle and the position of the limb 
when those fibres act; while some of them, and 
more especially those which carry it backwards, at 
the same time rotate it, or roll it upon its axis. 

205. The knee is a hinge-joint, admitting only 

of flexion and extension, and is therefore provided 

only with two »eta ol mv»G\c», hok ^<n'W(^uisf|,v&il. 

the other for extenAitig fee Vsj,- "^^ %!«»** 



the \tg arise from the under and back part ol the 
pelvia, are aeated od the back part of the thigh. 




View of the texor and nteniior muwlck of lli« left 
I . Tha bicepm of the ieg ; 2. tmdon of l\ie\iWB^,VAWiAit^ 
mM the bead of tbt fibula ; 3. the Kiiu-vuniiynvffiva. 
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passine to be inserted into the head of the fibula ; 4. ten^ 
don of the semi-membranosus forming the inner, and 

5. tendon of the biceps forming the outer^ hamstring; 

6. upper part of the gastrocnemius muscle ; 7. the four large 
muscles which unite to form the great extensor muscle of 
the leg, inserted into 8. the patella; 9. a portion of the 
glutseus maximus concealing the other muttcleti oC the hip. 



and are inserted into the upper part either of the 
tibia or of the fibula (fig. €!.)• They consist for 
the most part of three miKdes, named the semi- 
tendinosus, the semimembranosus (fig. CI. 3), aud 
the biceps of the 1^ (fig. CI. 1). The tendons of 
the two former muscles^ in passing to be inserted 
into the leg, form the inner, and that of the latter 
the outer, hamstrings (fig. CI. 4, 5). 

206. Four large muscles, blended tc^ether in 
such a manner as to form one muscle of prodigious 
size, termed the quadriceps cruris (fig. CI. 7). 
occupying nearly all the foie-part and the sides, 
and a considerable portion of the back part of the 
thigh, constitute the great flexor of the thigh. 
This enormous mass of muscle arises partly firom 
the ischium, and partly from the upper part of the 
femur (fig. CI. 7), and is all inserted into the 
patella (fig. CI. 8), which constitutes a puUy for 
the purpose of assisting the action of these power- 
ful muscles. 

207. The muscles which bend the toes and ex- 
tend the foot, termed the gastrocnemii (fig. CII 
I, 2)f are placed on the back part of the 1^,'and 

form the mass of muscle ^\k\cV\ <»ii&V\V;s.NR3b ^^ tx&l 
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nr of the muscle* whieh beml (he tnes, and which, by 
g the heel, rxttni the foot. 1. The miiacle called 
ncnemiua eiternui, which, unilinK with 2. the sailro- 
ius iiiternu), focmi 3. the Itndo uhilUs, which Um< 
1 into 4. the heel. 

e leg f %. CII. 1,2). The^ mie ^-ftX-^ fcwa. 
>wnr extremity of the femur (.ft%. CWC^ ««& 



THB PBIU>ai>PHr OF 



partly from the upper and back part of the fib 
and tibia ; and the; form the lugeet and Htrong 




Viair of the musclei nhidi extend Iha ton and bend t 
ot, I. The common ei.\*THoi', ^vW\wid<u<iotttwM 
mcle io«ert«d into tti« low, 8. **«» Mkww* »«• 
imeat of the foot. 



iraSCLRS THAT MOVE THE TOSS. 



yjs 



Ion in the body, tenned ihe tendo achiltia (fig, 

. 3), which is implanted into the heel {Rg. 

.4). 

VS. The muscles which extend the Ca«s and 

d the foot are seated on the fore part of the leg 




lev of the mutelM in the lole of the foot 1 Thti 
in which drawB the gnaX toe from the olhei loei ; 'i. the 
:le which driwn the Utile toe fiom Ihe olhec totiv 
1* mottle called the ihort fleUH ot &e Um*. -v^b&V 
( in bea^ag the four inisllBT toe*. 
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(fig. CHL); ^ft into tcDdoDB like die anikgoai 
miucks of tiie fing^n (%. CIIl. 2); and ut 
boond down hj m l^ament (%. CIII. 3), exacdj 
the smme in name, dispoBition, and olBoe, as that 
which bdoi^ to the hand (fig. GUI. 3). Nnnie- 
rons minnte moadea are placed in the aole of the 
foot (% CIV.), which act on the toea aa the 
small mnsdes in the palm of the hand act on thi 
fingers (fig. LXXXVI.). 

209. Snch are the movii^ powers which put in 
action the complicated mechanism provided for 
the function of locomotion. And these powen 
are adequate to their office; but they are what 
may be termed expensive powers ; agents reqainog 
a high degree of organization and the utmost re- 
sources of the economy to support and maintain 
them. Hence in the construction of the frame- 
work of the machine which they have to move, 
whatever mechanical contrivance may economize 
their labour, is adopted. The construction, form, 
and disposition of the several parts of that frame- 
work have all reference to two objects : first, the 
combination of strength with lightness; and se- 
condly, security to tender organs, with the power 
of executing rapid, energetic, and, sometimes, vio- 
lent motions. The combination is effected and 
the object attained in a mode complicated in the 
detail, simple in the design, and perfect in the 
result. The weight of the body transmitted from 
the arcb of the pelvia t« «l «ecavAw^^\«rsaRA.V5{^ 
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the neck of the thigh bone, and from this, in a 
perpendicular direction, to a third arch formed 
by the foot, is ultimately received by the heel 
behind, and by the metatarsal bones and the first 
phalanges of the toes before, and more especially 
by the metatarsal joints belonging to the great 
and little toe, which have a special apparatus 
of muscles, for the purpose of preserving steadily 
their relative situation to the heel. The weight 
of the body is thus sustained on a series of arches, 
^m which it is, in succession, transmitted to 
the gpround, where it ultimately rests upon a 
tripod: forms known and selected as the best 
adapted to afford support, and to give security 
of position. Columns of compact bone superim* 
posed one upon another, and united at different 
points by bands of prodigious strength, form the 
pillars of support. But these bony coliunns never 
touch each other; are never in actual contact; are 
all separated by layers of elastic matter which, while 
they assist in binding the columns together, enable 
them to move one upon another, as upon so many 
pliant springs. The layers of cartilage interposed 
between the several vertebrae ; the layer of cartilage 
interposed between the vertebral column and the 
pelvis; the layer of cartilage that lines the aceta- 
bulum and that covers the head of the femur ; the 
layer of cartilage that covers the lower extremity 
of the femur and the upper extremity of the 
tibia and Abuda. and the taT«\xft\ \>\<& ^>^ka:.<^- 
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sive layers of cartilage interposed between the 
several bones of the tarsus ; and finally, the layer of 
cartilage that covers both the tarsal and the digital 
extremities of the metatarsal bones ; are so many 
special provisions to prevent the weight of the 
body from being transmitted to the ground with a 
shock; and, at the same time, so many barrien 
established between the ground and the spinal 
cord, the brain and the soft and tender organs 
contained in the thoracic and abdominal cavities, 
to prevent these organs from being injured by the 
reaction of the ground upon the body. The ex- 
cellence of this mechanism is seen in its results; 
in contemplating ^* from what heights we can 
leap — to what heights we can spring — to what 
distances we can bound — how swiftly we can run 
— how firmly we can stand — how nimbly we can 
dance — and yet how perfectly we can balance 
ourselves upon the smallest surfaces of support ! " 
210. It is necessary, in order to complete this 
general view of the structure of the human body, 
and of the combination and arrangement of its 
various parts, to denote the several regions into 
which, for the purpose of describing with accuracy 
the situation and relation of its more important 
organs^ the body is divided. It is not needful to 
the present purpose to describe the regions of the 
head, because its internal cavity contains only one 
organ, the brain, and its external divisions do not 
differ materially from t\ioftfe -s^iVvvOa. w^ ^jotcccvstKi^ 
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[ familiar ; bat the chest, the abdomen, and the 
«r and lower extremities are mapped out into 
ions, of which it is yery important to have an 
€t knowledge, which may be acquired by the 
iy of the annexed diagrams. 




^ mrloii of the shut oiU»ibi. MiAcn^n>\ nvMu. Vi^^bUk- 
* iudMUoiI: 8. hvpoamrtiic iBWon. Rw^cMOt'i.ViummAniiiw 
^-■kHilder' 7 armt 8,bHii>w-,»- ti™«B-'. ^- ■■*^-. "W."!* 
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Fig. CX 




tersl W.. of the .ituatlon of the mot. K-vo^-^ 
internal or*;an«. 
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CHAPTER VI. 

OF THE BLOOD. 

Physical characters of the blood : colour, fluidity, spircific 
l^ravity, temperature ; quantity — Process of coagulation- 
Constituents of the blood : proportions — Constiiuents of 
the body contained in the blood — Vital properties of tlui ; 
blood — Practical applications. 

211. Supposing the human hody to have been 
built up in the manner now described, and to be 
in the full exercise of all its functions, the integrity 
of its various structures is maintained, and tbeir 
due action excited by the blood. Out of this sub- 
stance is formed the blandest fluid, as the milk, 
and the firmest solid, as the compact bone. The 
heart, capable of untiring action, as long as the 
blood is in contact with its internal surface, be- 
comes immovable soon after the supply of this 
fluid is withdrawn ; and in less than one minute 
from the time it ceases to flow in due quantity 
and of proper quality through the vessels of the 
brain, the eye is no longer capable of seeing, nor 
the ear of hearing, nor the brain of carrying on 
any intellectual operation. 
212. At the moment, %.tv^ l«t ^tbr. >L\\aR. ^>Sv&\ vv 
kuLs issued from its ves^eV, x^i^ v^\w««aKfc ^ "^ 



i 
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lood is that of a thick, viscid, and tenacious fluid ; 
et it is essentially a solid, composed of several 
ibstancesy each possessing its own distinct and 
eculiar properties, the relation and combination 
f which cannot be considered without exciting the 
!eling that our admiration of the structure of the 
[limal frame ought not to be confined to the me- 
[lanism of its solid parts, but that the whole is 
Imirable, fVom the common material of which it 
I composed, to its most delicate and elaborate 
istrument. 

213. The colour of redness is universally asso- 
imted with the idea of blood; but redness of 
dlour is not essential to blood. There are many 
Qimals with true, yet without red, blood; and 
lere is no animal in which the blood is red in all 
le parts of its body. The blood of the insect is 
"ansparent ; that of the reptile is of a yellowish 
olour ; that of the fish, in the greater part of its 
ody, is colourless. Even the red blood of the 
uman body is not equally red in every part of it, 
lere being two distinct systems of blood-vessels, 
istinguished from each other by carrying blood 
f different colours. 

214. In the state of health, the specific gravity 
f human blood, water being 1000, is 1080; from 
rhich standard it is capable of varying from 1120, 
be maximum, to 1026, the minimum. 

215. The natural temperature of the hmnan 
lood 18 98^. From this it is cnpa\A^ ol Nvrjwflij^ 




a. nwfoo or the chMi o'j»™",-_>S'^^.,iO«;™^.'»- 
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Fig. CX 
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CHAPTER VI. 

OP THE BLOOD. 

Physical characters of the blood : colour, fluidity, specific 
jfravity, temperative ; quantity — Process of coagulation- 
Constituents of the blood : proportions — Constituents of 
the body contained in the blood — Vital properties of tbt 
blood — Practical applications. I 

i 

211. Supposing the human body to have been 
built up in the manner now described, and to be 
in the full exercise of all its functions, the integrity 
of its various structures is maintained, and their 
due action excited by the blood. Out of this sab- 
stance is formed the blandest fluid, as the milk, 
and the firmest solid, as the compact bone. The 
heart, capable of untiring action, as long as the 
blood is in contact with its internal surface, be- 
comes immovable soon after the supply of this 
fluid is withdrawn ; and in less than one minute 
from the time it ceases to flow in due quantity 
and of proper quality through the vessels of the 
brain, the eye is no longer capable of seeing, nor 
the ear of hearing, nor the brain of carrying on 
any intellectual operation. 
21 2. At the momeiit, «lxA loit ^tfstc^^ XwwaR. "v&jei >J. 
hua issued from its vesaeV, t\«i ^.^^w"^^'^ ^ '^ 
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ftlood is that of a thick, viscid, and tenacious fluid ; 
'et it is essentially a solid, composed of several 
ubstancesy each possessing its own distinct and 
leculiar properties, the relation and combination 
if which cannot be considered without exciting the 
eeling that our admiration of the structure of the 
uimal frame ought not to be confined to the me- 
hanism of its solid parts, but that the whole is 
dmirable, fVom the common material of which it 
I composed', to its most delicate and elaborate 
Qstrument. 

213. The colour of redness is universally asso- 
aated with the idea of blood; but redness of 
lolour is not essential to blood. There are many 
mimals with true, yet without red, blood; and 
here is no animal in which the blood is red in all 
he parts of its body. The blood of the insect is 
ransparent ; that of the reptile is of a yellowish 
»lour ; that of the flsh, in the greater part of its 
lody, is colourless. Even the red blood of the 
luman body is not equally red in every part of it, 
here being two distinct systems of blood-vessels, 
listinguished from each other by carrying blood 
tf different colours. 

214. In the state of health, the specific gravity 
if human blood, water being 1000, is 1080; from 
vhich standard it is capable of varying from 1120, 
he maximum, to 1026, the minimum. 

215. The natural temperature of the human 
flood is 98^. From this it ia capa\A^ ol -^^rfcwi^ 
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from 104*^, the maximum, to 86°, the minimum; 
these changes being always the efiect of disease. 

216. It is estimated that the fluids circulating 
in the adult man amount to about fifty pounds; of 
these it is calculated that twenty-eight consist of 
red blood. 

217. Fluid and homogeneous as the blood 
appears while flowing in its vessel, when a mass of 
it is collected and allowed to stand at rest, it soon 
undergoes a very remarkable change. First, a thin 
film is formed upon its surface ; this is followed 
by the conversion of the whole mass into a soft 
jelly : this jelly separates into two portions, a fluid 
and a solid portion. The solid portion agaio se- 
parates into two parts, into a substance of a yel- 
lowish-white colour, occupying the upper surfiace, 
and into a red mass always found at the under 
surface. 

218. The process by which the constituents of the 
blood are thus spontaneously disunited, and aflbided 
in a separate form, is denominated co agulatioi^ ; 
the fluid portion separated by the process is termed 
the serum; the solid portion the coagulum oi 
clot; the white substance forming the upper part 
of the clot, the fibrin; and the red mass forming 
the under part of it, the red particles. 

219. Probably the process of coagulation com- 
mences the moment the blood leaves its living 
vessel. In thxee iivvcvuXfe* wcA ^\saif it is visible 
to the eye ; in seven TOMwAaa V^^ \x\»s^\^ V^t\s!^ 
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into a jelly; in from ten to twelve minutes the 
serum separates from the clot; in about twenty 
the clot is divided into fibrin and red particles, 
when the coagulation is complete; but occasionally 
the clot continues to grow firmer and firmer for 
the space of twenty-four hours. 

220. As soon as the coagulation commences, and 
during all the time the blood preserves its heat, an 
aqueous vapour arises from it, termed the halitus. 
The halitus consists of water holding in solution a 
small quantity of animal and saline matter, which 
communicate to it a foetid odour of a strong and pe- 
cuHar nature, manifest on approaching a slaughter- 
house, and still more manifest in the slaughter- 
house of human beings, a field of battle. 

221. During the process of coagulation, as in 
every other in which a fkiid is converted into a 
solid, caloric is evolved. 

■ 222. During the process of coagulation carbonic 
acid is also extricated. 

223. The process of coagulation affords three 
distinct substances, the chief constituents of the 
blood, namely, serum, fibrin, and red particles. 

224. The seriun, the fluid portion of the blood, 
when obtained perfectly pure, is of a light straw 
colour, tinged with green. Its taste is saline, and 
its consistence adhesive. It is composed princi- 
pally of water holding in solution animal and sa- 
line matter. The animal matter ^vea '\\.*\\& ^^^ 

VOL, J. ,v 
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sive consiBtence, and the saline its peculiar salt 
taste. The chief animal matter contained in it is 
the proximate principle termed albumen, which 
may be separated from the water that holds it in 
solution by the application of heat and by certain 
chemical agents. Heat being applied^ when the 
temperature reaches 160^, fluid serum is converted 
into a white opaque solid substance of firm con- 
sistence. This is found to be albumen, which may 
be also separated from the watery portion by th<i 
application of spirits of wine, acids, oxymuriate of 
mercury, and several other chemical substances. 
The quantity of albumen contained in 1000 parts 
of serum varies from about 18,- the maximum, to 
58, the minimum. 

225. If the albumen yielded by the senmi h^ 
subjected to pressure, or be cut into small pieces, 
there flows from it a watery fluid which is termed 
the serosity. In meat dressed for the table, the 
serum of the blood contained in the blood-vessel^ 
is converted by the heat into solid albumen, from 
which, when cut, the serosity flow^ in the form of 
gravy. 

226. Besides idbumen, serum holds in solution 
both a fatty and an oily matter, in the proportion 
of about one part of each to 1000 parts of serum. 
The proportion of its saline substances is about 
ten in 1000 parts. According to M. le Canu, 

who has made tYie tj\o«X tw».xv\. OcL^ssosL'^^xiQl^BiB 
of «erum, 1000 porta CQiti\.Mi,Q^ 



CONSTITUSNTS OF THB BLOOD 339 

Water - - 90600 

Albumen - - 1800 

Animal matter, soluble in water 

and alcohol - - 1*69 

Albumen combined with 8oda 2*10 
Crystallizable fatty matter 1 '20 

Oily matter - - - 1-00 

Hydrochlorate of soda and 

potash ... 6-00 
iSubcarbonate and phosphate of 

soda, and sulphate of potash 2*10 
Phosphate of lime, magnesia, 

and iron, with subcarbonate 

of lime and magnesia - *91 

Loss - - - 100 

227. Ail the animal and saline matter held iri 
telntion in the serum being removed, the fluid 
that remains is water, the proportion of which in 
1000 parts varies from ^53, the maximum, to 779^ 
the minimum. 

228. The second constitueiit of the blood, the 
fibrin, is the most Essential portion of it, being 
invariably present, whatever other constituent be 
absent. While circulating in the living vessel, 
fibrin is fluid and transparent ; by the process of 
coagulation, it is converted into a solid and opaque 
substance of a yellowish white colour, consisting 
of stringy fibres, disposed in strise, which occa- 
man&Uy form a complete net -woik ^^, ^"^^^^• 

These fibres are exceedingly e\«A\.\c. \^ ^€«. 
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genersl aspect and their chemical rel&tioiiB fber 
bear a, close resemblB.iice to pure musculat Ebie, 
that IB, to muBcular fibre deprived of its envelopiif 
membrane and of its colouring matter, and tlu^ 
form the basis of muscle. According to M. k 
Canu, the proportion of the fibrin varies from 
seven parts in 1000, the maximiun, to one part in 
1000, the minimum, the medium of tiventy experi- 
ments being four parts in 1000. 

229. The third constituent of the blood, the 
matter upon which its red colour depends, though, 
as has been stated, eptirel; absent in certun clEwse* 
of animals, and in all animals in some parts nf 
thiiir body, seems to be essential, at least to th* 
orgnnic organs, Tfhet\«!Ci ttic^ ^jerform tbdr firnc- 
tions with a higW degtee, (A -gwrtwi'asra. Ttisa^ 
the lowest clwsBof vtttebtsUA wiraaiv ■(>* ^i^ 
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while the principal part of its body receives only a 
colourless fluid, its organic organs; as the hearty 
the gills, the liver, are provided with red blood. 

230. The red matter, wherever present, is inva 
riably heavier than the fibrin, and consequently, 
during the process of coagulati6n, it gradually sub- 

jdes to the lower surface, and is always found 
forming the bottom of the clot. Its proportion to 
the other constituents varies veiy remarkably, the 
maximum being 148, the minimum 68, and the 
medium 108, in 1000 parts of blood. 

231. All observers are agreed that the red matter 
of the blood consists of minute particles, having a 
peculiar and definite structure; but in regard to 
the nature of that sthieture, there is cionsiderable 
diversity of opinion^* which is not \^onderful, since 
the particles in question are so minute that they 
can be distingtdshed only by the microscope, and 
sincci of all microscopical objects, they ate perhaps 
the most difficult to examine, because, being soft 
and yielding, their figure is apt to change, and 
because there is reason to suppose that their sub- 
stance is not uniform in its refractive power. 

232. The earlier observers describe the red par- 
tides as being of a globular figute, and accordingly 
name them globules. They conceive that each 
globule consists of a central solid particle, enveloped 
in a transparent vesicle. Recently, Sir Everard 
Home and Mr. Bauer in tMa citoitq, ^tA '^s(V\l^.. 

Prevost and Dumas on the cotitme\xl,\\w^ ^^n\s^\ 
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this Opinion, and describe the red particle as con- 
sisting of a central solid white corpuscle contained 
in an external envelop of a red colour. When the 
blood is observed with the microscope in a living 
animal, flowing in its vessels, only two substances 
can be distinguished, namely, a transparent fluid 
and t^e red corpuscles. MM. Prevost and Dumas 
contend that j^hese two substances are the only 
component parts of the Mood. When the blood 
coagulates, they conceive that the red envelop 
separates from the central white corpuscle; that 
these white corpuscles nnite toother; that the 
aggr^ates resulting froo^ this combination are dis- 
posed in the form of filamente^ which filaments 
constitute the fibrin, while the rM matter at the 
bottom of the clot is nothing but the disintegrated 
envelops of the central particle. But this view is 
not the common oi^e. In generial, physiologists 
conceive the fibrin to be one constituent and the 
red particles to be another constituent of the blood. 
Mr. Lister, who has successfully laboured to im- 
prove the microscope, and who, {together with his 
friend Dr. Hodjgkin, have very carefully examined 
with their improved instrument the red particles, 
contend that the figure of these bodies i^ not glo- 
bular, although they state that the instant the 
particles are removed from the living blood-vessels 
many things are ca-^s.ble of makinj^ than assame 
a globular appeatsiice-, %vsLc\i^iat«i»xssj$A,.,'ftfc^feA 
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spite of every precaution, the eye in vain attempts 
to follow, the particles change their real figure for 
a globular form on the application of the smallest 
quantity of pure water; while, if the water contain 
a solution of saline matter, little alteration is occa- 
sioned in the figure of the particles. According to 
these observers, the red particles are flattened cakes, 
having rounded and very slightly thickened mar- 
gins (fig. CXII. 1). The thickness of the margin 

Fig. CXII. 






19 3 4 5 

1. A particle of the human blood as it appears when 
transparent and floating; 2. the same dry, seen as opaque, 
illuminated by a leiberkuhn; 3. the same as it appears 
when half the leiberkuhn is darkened; 4. a particle of the 
frog's blood floating ; 5. the same seen on its edge. All 
the above objects are magnified 500 diameters*. 

gives to both surfaces the appearance of a slight 
depression in the middle (fig. CXII. 1), so that 
the particles bear a close resemblance to a penny 
piece. There is no appearance of an external 
«ivelop. The circular and flattened cake is trans- 
parent; when seen singly it is nearly if not quite 
colourless (fig. CXII. 1); it assumes a reddish 
tinge only when aggregated in considerable masses. 
233. The red particle of the human blood is cir- 

*For these illustrations I am \nAeHe^\ft"VU.\AsVEt,''ii^^r 
hoB Deen so kind as to make dTaw'm\^<»oi >^v^ o\J^^«!va^wxs«-' 
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cular (fig. CXII. 1, 2» 3). It is circular also in all 
animals belonging to the class mammalia; but in 
the three lower classes of vertebrated animals, fhe 
bird, the reptile, and the fish, it is eMiptical (fig. 
CXII. 4i 5). 

234. The magnitude of the red particle of the 
human blood is variously estimated from the two- 
thousandth to the six-thousandth part of an inch 
in diameter. Bauer estimates it at the two-thou- 
sandth, Hodgkin and Lister at the three-thoa- 
eandth, Kater at the four> thousandth, WoUaston 
at the five-lhousandth, and Young at the six- 
thousatidth part of an inch. Its magnitude is 
uniformly the same in all individuals of the same 
species, but differs exceedingly in the different 
classes. The elliptic&l particles are larger than the 
circular, but proportionally thinner; larger in fishes 
than in any other class of animals, and largest of 
all in the skate. 

23 5 « When perfect and entire, the red particles 
indicate a dilsposition to arrange themselves in a 
definite mode. They combine spontaneously into 
columns of variable length (fig. CXIII.). In 
order to observe this tendency, a small quan- 
tity of blood, the moment it is taken from its 
living vessel, should be placed between two strips 
of glass or covered with a bit of talc and placed 
under the microscope. When thus arranged, a 
considerable agitation ^ tex. \aN^^ ^^^ ^ceslqu^ 
the particles. Aa soon ^ xXv» m^'t^svi. ^vj^o^^^.^'^fes; 
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particleB appl]' themselves to e^h other by their 
bioad BurtaceE, and thu^ form piles or columpa of 
coasiderable length (fig. CXIII.)' 1^^ columns 
often again combine one among another, the end 
of one being attached to the side of another, 
■ometimes producing very curious ramifications 
(fig. CXIII,). In like manner, the elhptical par- 
ticles apply themselves to each other by their 
broad Bm'fBces, but they are not so exactly qiatched 
as tbe circular, one particle partially overlapping 
another, so that they furtn leas regular columns 
than the circular. 

236. The red particles, «s far aa is known, con- 
■titutB a distinct and peculiar form of animal mul- 
ter: the red colour, according to some, depending 
on an iinpregnationof iron; according toothers, on 
an animal substance of a gelatinous nature. 

237. Tbe exact proportion of l\»« 4\6«twA %iii- 
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stances contained in the blood, according to the 
most recent analysis of it, tbat by M. le CanUj is 
as follows, namely. 

Water - - 786 500 

Albumen - . - 69*419 

Fibrin - - - 3*565 

Colouring matter - - 119-625 

Crystallizable fatty mitter ^ 4*300 

Oily matter - i 2*270 
Extractive matter, soluble iii 

alcohol and water - 1*920 

Albumen combined with soda 2*01<J 
Chloruret of sodium and po- 
tassium, alkaline phosphate, 

sulphate, and subcarbonate^ 7*304 
Subcarbonate of lime and mag- 
nesia, phosphates of lime, 
magnefeia and iron, peroxide 

of iron - - - 1*414 

Loss - - 2*586 



iooo* 

!238. From the results of this analysis it is inani- 
fest that all the proximate principles of which the 
different tissues are composed exist in the blood, 
namely, albumen, the proximate principle forming 
the basis of membrane; fibrin, the proximate prin- 
ciple forming tVie \>«ka.\a of muscle; fatty matter, 
forming the basis oi xien^ wA\st«v\v\ ^sA^^vsml 
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saline and mineral subBtances^ forming a large part 
of bone, and entering more o^ less into the com- 
position of every fluid and 8oli4. 

239. Tl^e blood, which contains all the proximate 
constituents of the body, and which, by distributing 
th^m to the various tissues and organs, maintains 
their integrity and life, is itself aUye. The vitality 
of the blood is proved, — 

I 

240. i. By its undergoing l^e process of death, 
^hich it does just as much as the heart or the 
brain, every time it is removed from the body. 
While flowing in its living vessel, the blood is 
permanently fluid. Its fluidity depends on a force 
of mutual repulsion exerted by its particles on each 
other. That repulsive fprce is a vital endowment, 
probably derived from the organic nerves so abun- 
dantly distributed to the inner ^coat of the blood- 
vessels. When this vital iniu.ence is withdrawn, 
which happens on the removal of the ^lood from its 
vessel, the mass is no longer capab]te of remaining 
»fluid; the fibrin is converted into a sohd; the red 
|)ai::ticles, instead of repelling, attract each other, 
forming the erude i^gregate at the Jiipttom of the 
clot; coagulation is thus a process of death; its 
commencement indicates a diminutio;n of the vital 
energy of the blood; during its progress that energy 
is constantly grow;ing less and less; the blood is 
dying; and whe;^ ^complete, the blood is dead. 

241. Hcneeip .every state of \]afcft^«XfctCL\xv^«\sM2ck. 
the yitsd energy qf the blood la ^T«XfcTtii^\.\«.'5S^ 
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increased, coagulation is proportionably slow; in 
every state in which its energy is diminished, 
coagulation is rapidi By copious and repeated 
blood-lettings the vital energy is rapidly exhausted. 
The effect of blood-letting on coagulation is deter- 
mined by experiments instituted for the express 
purpose of ascertaining it. Blood was received 
from a horse at four periods, about a minute and a 
half intervenins; between the filling of each cup. 

Miliutefc Seoood*. 

In Cup No. 1. coagulation began in 11 10 

2. . - - 10 5 

3. - - - 9 55 

4. - - ^ 3 10 
242. In like manner three cups were filled with 

the blood of a sheep, at the interval of half a 
minute. 

Minates. Secoo<b 

In cup No. 1. coagulation began in 2 10 

2. - - - 1 45 

3. - - - 55 
The same result was obtained in blood taken 

from a human subject. A pound and a half of 
blood was removed from the arm of a woman 
labouring under fever, a portion of which, received 
into a tea-cup on the first effusion, remained fluid 
for the space of seven minutes ; a similar quan- 
tity, taken immediately before tying up the arm, 
U'as coagulated m tVvte^ TsvvaxsXKek \5kvs\:^ ^^vs^^. 
These expcnmenta demoxi^Xi^Xfc ^CoaX ^^^MgJa&fis^ 
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is rapid or slow as the vital energy of the blood is 
exhausted or unexhausted, or that in proportion 
to the degree of life possessed by the blood is the 
space of time it takes in dying. 

243. This result is referable to the principle 
already shown to be characteristic of living sub- 
stance, — ^namely, the power of resisting, within a 
certain range, the ordinary influence of physical 
agents. The operation of this power is illustrated 
in a beautiful manner in a series of experiments 
performed by Mr. Hunter on the egg and on blood. 
This physiologist exposed a live, that is, a fresh 
egg to the temperature of the 17 th and the 15 th 
degrees of Fahrenheit; it took half an hour to 
freeze it. The egg was then thawed and exposed 
to 10® less cold, namely, to the 25th degree of 
Fahrenheit ; it was now frozen in a quarter of an 
hour. , A living egg and one that had been killed 
by having been first frozen and then thawed, were 
put together into a freezing mixture at 15®: the 
dead was frozen twenty-five minutes sooner than 
the living egg. The imdiminished vitality of the 
fresh egg enabled it to resist the low temperature 
for the space of twenty-five minutes ; the vitality 
of the frozen egg having been destroyed, it yielded 
at once to the influence of the physical agent. On 
subjecting blood to analogous experiments, the 
result was found to be the same. Blood imme* 
diately t&ken from the living ve«&^, «xA '^'^k^^ 
previously frozen and then thavje^,\i^Vtv^ ^'s-^^'*^^ 
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to a freezing ii>ixture, 9 much shorter period and 
a much less degree of cold were required to freeze 
the latter than the former. 

244. ii. The vitality of the hlood is proved by the 
change it undergoes in becoming a constituent 
part of an organized tissue. The blood conveys 
to the several tissues the constituents of which they 
are composed; each tissue selects from the mass 
of blood its own constituents and converts them 
into its own substance, in which conversion, since 
the blood always goes to the tissue in a fluid form, 
the blood must necessarily pass from a fluid into a 
solid. In the vessels the vital endowment of the 
blood maintains it permanently fluid ; in the struc- 
tures the same power makes it and keeps it solid. 
One and the same substance in one and the same 
body, in one part is always fluid, in another 
always solid; the fluid is every moment passing 
into the solid and the solid into the fluid, without 
intermixture and without interference. Nothing 
analogous to this is ever witnessed in inorganic 
matter, in physical mechanism ; it is peculiar to 
the organized body and distinctive of the mechanr 
ism of life. Sometimes in physical inechanism 
we can perceive the mechanical arrangements and 
distinctly trace them from beginning to end: in 
vital mechanism, even when we can discern the 
mechanical arrangements, we can seldom trace 
them beyond a step ot t^o, wv^wk^^x ^^vsl begin- 
ning to end ; but aixati^'emffoX «cA ^^\i.^\a5ass^^^ 
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know there inntt be in that which goes heyond, 
no less than in that which keeps within, our per- 
ception, and we ought scarcely to question the 
existence of adjustments, because they elude our 
sense, when probably the very reason why they do 
so is that their delicacy and perfection immeasur- 
ably exceed any with which sense has made us 
acquainted. 

245. iii. The vitality of the blood is proved by 
the process of organization; We can trace only a 
few steps of this process, but these are sufficient 
to establish the point in question. Blood effused 
from living vessels into the substance, or upon the 
surface of living organs, solidifies without losing 
vitality. If a clot of blood be examined some 
time afler it has thus become solid, it is found to 
abound with blood-vessels. Some of these vessels 
are obviously derived from the surrounding living 
parts. The minute vessels of these parts, as can 
be distinctly traced, elongate and shoot into the 
clot. The clot thus acquires blood-vessels of its 
own. By degrees a complete circulation is esta- 
blished within it. The blood-vessels of the clot 
act upon the blood they receive just as the vessels 
of any other part act upon their blood, that is 
transform it into the animal matter it is their office 
to elaborate. In this manner a clot of blood is 
converted into a component part of the body, and 
acquires the power of exercising ita o^tCl ^Q.>aS\ax 
and appropriate functions in the eco^oxK^, 
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246. But while, in this process, some of the 
vessels of the clot can be distinctly traced from the 
surrounding living parts, others appear to have no 
comn^unipation with those parts, at all events no 
such communication can be traced. These vessels, 
the origin of which cannot be found external to the 
clot, are supposed by some physiologists to be 
formed within it. Within the living egg, during 
incubation, certain motions or actions are observed 
Spontaneously to arise, which terminate in the 
development of the chick. Analogous motions 
arising within the clot terminate, it is conceived, 
in the development of blood-vessels. According to 
this view, a simultaneous action takes place in the 
clot, and in the living part with which it is in 
contact; each shooting out vessels which elongate, 
approxiniate, unite, and thus establish a direct 
vital communication. Whether this view of the 
process of organization be the correct one or not 
does not affect the present argument. It is cer- 
tain that a clot of blood surrounded by living parts 
becomes organized ^ it is certain that no dead sub- 
stance surrounded by living parts becomes orga- 
nized ; it follows that the blood possesses life. 

247. Health and life depend on the quantity, 

quality, and distribution of the blood. The chief 

source from which the blood itself is derived is the 

chyle ; hence too much or too httle food, or too 

great or too little actrnts oi ^^^^ w^kqs^ iVwi^i digest 

it, may render the quaivxiV^ oi x^i^tW^^ ^^^vewa. 
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turally abundant or deficient ; or though there be 
neither excess nor deficiency in the quantity of 
nourishment formed, parts of the blood which 
ought to be removed may be retained, or parts 
which ought to be retained may be removed, and 
hence the actual quantity in the system may be 
superabundant or insufficient. 

248. The relative proportion of every constituent 
of the blood is capable of varying ; and of course 
in the degree in which the healthy proportion is 
deranged, the quality of the masik must undergo 
a corresponding deterioration. The watery portion 
is sometimes so deficient, that the mass is obviously 
thickened ; while at other times the fluid prepon* 
derates so much over the solid constituents,- that 
the blood is thin and watery. The albumen, the 
quantity of which varies considerably even in 
health, in disease is sometimes twice as greats and 
at other times is less than half its natural propor- 
tion. In some cases the fibrin preponderates so 
much, that the coagulum formed by the blood is 
exceedingly coherent, firm and dense ; in other cases 
the quantity of fibrin is so small, that the coagu- 
lation is imperfect, forming only a soft^ loose and 
tender coagulum, and in extreme cases the blood 
remains \^holly fluid. When the vital energy of 
the system is great, the red particles abound; 
when it is depressed^ they are deficient. In the 
former state^ they are of a bright ted coVoxn \ \\\ 
the latter y dusky, purple, or even YiW^. N^V^e^ 
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the depression of the vital energy is extreme, the 
power of mutual repulsion exerted by the particles 
wouljd seem to be so far destroyed as to admit of 
th^ir adhering to each other partially in certain 
organs; while in other cases they seem to be 
actually disorganised, and to have their structures 
so broken up, that they escape from the cijrrent of 
the circulation as if dissolved in the serum, throu^ 
the minute vessels intended only for the exhalation 
of the watery part of the blood. This fearful change 
ip conceived to have an intimate connexion with a 
diminution of the proportion of the saline qon^. 
tuents. Out of the body, as has been sbowp, the 
red particles change their figure instantan^usly, 
and are rapidly dissolved when ^n contact with pure 
water ; while they undergo little change of form if 
the water hold saline matter in solution. Jt ijTQuld 
seem that one use of the saline constituents o{ the 
blood is to preserve entire the figure and con^tu- 
tion of the red particles. It is certain tha^ my 
change in the proportion of the saline constituents 
produces a most powerful e€^t on the condition of 
the red particles. It is no less certain that changes 
do take place in the proportion of the saline con- 
stituents. In the state of health, the taste of the 
blood is distinctly salt, depending chiefly on the 
quantity of muriate of soda contained in it In 
certain violent and n^alignant diseases, such, for 
example, as tlie xn«\\^«DX Vsrcwb ^^ €wer^ and 
more especiaUy t\\at ioim oi VX.XmaR^Y^J^^^^s'^ 
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objolera, this salt taste is scarcely, if at all, per- 
ceptible ; and it is ascertained that, in such cases, 
the proportipn of saline matter is sensibly dimi- 
nished. 

249. The quality of the blood may be also essen- 
tially changed by the disturbance of the balance 
of certain organic functions : digestion, absorption, 
circulation, respiration, are indispensable to the 
formation of the blood and to the nourishment of 
the tissues. Absorption, nutrition, secretion, cir- 
culation, render the blood impure, either by directly 
conununicating to it hurtful ingredients, or by 
allowing noxious matters to accumulate in it, or 
by destroying the relative proportion of its con- 
stituents. Organs are specially prqvided, the main 
function of which is to separate ^nd remove from 
the blood these iujurious substaiices. Organs of 
this class are called depurating, and the process 
they carry on is denominated that of depuration. 
The lupgs, the liver, the kidneys, are depurating 
organs, and one result at least of the functions they 
perform is the purification or depuration of the 
blood. If the lung fail to eliminate carbon, the 
liver bile, the kidney urine, carbon, bile, urine, or 
at least the constituents of which these substances 
are composed, must accumulate in the blood, 
contaminate it, and render it incapable of duly 
nourishing and stimulating the organs. 

250. But though the blood be goo^ vs\ q^^\:^ 
dnd juBt in quantity, health and \i£e xaxxaX. ^'cJ^ 
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depend upon its proper distribution. It maybe 
sent out to tbe system too rapidly or too slowly. 
It may be distributed to diffi»%nt portions of the 
system unequally ; too mucb may be sent to one 
organ, and too little to abotber: consequently, 
wbile tbe latter languishes, tbe former may be op- 
pressed, overwhelmed or stimulated to violent and 
destructive action. lb either case health is dis^ 
turbed arid life eiiidangered. 

251. Of the mode and degree in whicb food| 
air, , moisture, tempetature, repletion, abstinence, 
exetcise, indolence influence tbe quantity, quahtjr, 
and distHbution of the blood; of the mode in 
which tbe condition of the blood Inodifies th^ ac- 
tions both of the organic «nd the aidmal organs; 
of the reason why health and disease are wholly 
dependent on those states and actions, a dear and 
just conception may be formed when the several 
functions have .been described,- and tbe precMe 
office of each is Understood^ 
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252, The blood, being necessafy to nourish the 
tiesues and to stimulate the organs, must be in 
motion in order to be borne to them. An appa- 
ratus is provided partly for the purpose of origin- 
ating an impelling force to put the blood in motion, 
and partly for the purpose of conveying the blood 
when in motion to the different parts of the body. 
253. The heart is the impelling organ; the great 
vessels in immediate connexion with it are the 
transmitting organs (fig. CXIV. 1,2). The heart 
is divided into two sets of chambers (fig. CXIV. 
3, 4, 10, 11), one for the reception of the blood 
Avm the different parts of the \iod"Y (Jv\c>. ^"^^X^ • 
% JO); the other for the comiii\m\c«t\AOTi ^^ ^^ 
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, ViewoftbeheutwHhilitaTeral chHrnberseipoitduiJ 
the gi«ftl venela in connection with them. 1. The niF«iM 

' " ' ' ' ra ; 3. the chaiobei called 



rittht and Ufi for the correi|iondin|; lungs; 9. the' Tour l>ut- 
motiiuy veina biiii|;ini; the blood fmiu Ihe laagi iDlo li, 
the left auricle 1 11. the kflsentricle ; 12. theaortaaminp; 
fiom the left ventriclei and paaiing ilown behind ttte bnit 
to dlBtribiile bluud, hf ira divisions and gubdiiiaiooi, li 
every part of the l>oiIy. 

impulse which kefepa the blood in motion (fig' 
CXIV. 4, 11). The chamber which receives the 
blood is termed an auricle (fig. CXIV. 3, 10), iind 
is connected with ii vessel termed avein (fig. CXIV. 
1,2,9); that which communicates impulse to the 
blood is termed a ventricle (fig. CXIV. 4, ll)i 
and is connected with u vessel termed an arter; 
(Sg. CXIV. 1, 12"). Tbft-jain carries blood to the 
auricle ; the auride tranwmAa \t to -Cat ^<s«wSs.\ 
the ventricle propeVa V^ "^«W> **« '**^ "> ** **°^; 
carrying it out from tV v^-vAA^^^X^v^-^M*^ 
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it again into the vein, the vein returns it to the 
auricle, the auricle to the ventricle, the ventricle 
to the artery, and thus the hlood is constantly 
moving in a circle; hence the name of the ptocess^ 
the circulation of the blood. 

254. In nourishing the tissuei^ and stiihulating 
the organs, the blood parts vith its nutritive and 
stimulating constituents, and receives in return 
some ingredients which can no longer be usefully 
employed in the economy, and others which are po- 
sitively injurious. An apparatus is established for 
its renovation and depuration ; this organ is termed 
the lung (fig. LIX. 5), and to this organ the 
blood must in like manner be conveyed. Thus the 
blood moves in a double circle, one from the heart 
to the body and fr.om the body back to the heart j 
termed the systemic circle; the other from the 
heart to the lung and from the lung back to the 
Heart, termed the pulmonic circle. Hence in the 
kdman body the heart is double, consisting of two 
corresponding parts precisely the same in name, 
ill nature, and in office ; the one appropriated to 
the greater, or the systemic, aiid the other to the 
lesser, or the pulmonic circulation (fig. CXlV.). 

25^. There is a complete separation between 
these two portions of the heart (fig. CXIV. 6), 
formed by a strong muscular partition which pre- 
vents any communicatioii between them except 
through the medium of vessels. 

256, The heart is situated between \\le\7wo\^«^^ 
iig, LTX. 2. 5^* in lite lower and iox«i v^^^N. ^^ 
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the cheat, nearly ia the centre, but inclinii 
little to the left side. Its position it oblique 
LIX. 2, 5). Its basis is directed upwards, I; 
'wards, and towarde the right (fig. LIX. 2) 
apes is directed downwards, forwards, and ton 
the left, (>ppoeite to the intervat between the 
tjltgesof the fifth and sixth ribs (fig. LIX 
It is inclosed in u bpg tenned the perican 
(fig. GXV.), which consists of sptous membi 




Viow of th« Wart Mve\o^4Vtt"A» ^•™^™^:^ 
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The pericardium is considerably larger than the 
hearty allowing abundant space for the action of 
the organ (fig. CXV.). One part of the pericar- 
dium forms a bag around the heart (fig. CXV.) ; 
the other part is reflected upon the heart so as 
to form its external covering (fig. CXV.), and is 
continued for a considerable distance upon the 
great vessels that go to and from the heart in 
such a manner that this bag, like all the serous 
membranes, constitutes a shut sac. Both that 
portion of the pericardium which is reflected upon 
the heart, and that which forms the internal sur- 
face of the bag around it, is moistened during life 
bj a serous fluid, which, after death, is condensed 
'ililtb a small quantity of transparent water. That 
Mrtion of the pericardium which rests on the 
iiftphTagm (fig. LXX 1) is so firmly attached to 
ff' 4ibat it cannot be separated without laceration, 
'0Ui, by this attachment, together with the great 
iiMaels at its base, the heart is firmly held in its 
i|tliation, although in the varied movements of the 
jbody it is capable of deviating to a slight extent 
from the exact position here described. 

957. When the interior of the heart is laid 
open there are brought into view four chambers 
(fig. CXIV. 3, 4, 10, 11), twQ for each circle. 
Those belonging to the pulmonic circle are on the 
right (fig. CXIV. 3, 4), those to the systemic on 
ibe left Bide of the body (fig. CXIN. \^^ W^% 

VOL. I, IL 



362 THE PHILOSOPHY OF HEALTH. 

hence the terms right and left are applied to tbe&e 
respective parts of the heart. 

258. The veins which carry the blood to the right 
or the pulmonic chambers are two, one of which 
brings it from the upper, and the other from the 
lower parts of the body : the first is called the su- 
perior and the second the inferior vena cava (fig. 
CXIV. 1,2). Both pour their blood into the first 
chamber, termed the right auricle (fig. CXIV. 3) ; 
from the right auricle the blood passes into the 
second chamber, denominated the right ventricle 
(fig. CXIV. 4): from which springs the artery 
which carries the blood from the heart to the lung, 
the pulmonary artery (fig. CXIV. 7). This is 
the pulmonic circle. From the lung the blood is 
returned to the heart by four veins, termed the 
pulmonary veins (fig. CXIV. 9), which pour 
the blood into the third chamber of the heart, the 
left auricle (fig. CXIV. 10). From the left auricle 
it passes into the fourth chamber, the left ventricle 
(fig. CXIV. 11), from which springs the artery 
which carries out the blood to the system, termed 
the aorta (figs. CXIV. 12, and CXVII. 11). 
This is the systemic circle. In the system the 
minute branches of the aorta unite with the minute 
branches that form the venae cavse, which return 
the blood to the right auricle of the heart, and thus 
the double circle is commuted, 
259. The two c\l"wi!^^i^ caS^^ '^^ vmfi.lfijB 
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occupy the baaia of the heart (fig. CXIV. 3, 10). 
The right auricle is eituated at the basis of the 
right ventricle (Bgg.CXIV. 3, and CXVI.4). It 




View 

with it, on the tight side, its different chsmbeis being laid 
open and iti Etniiluie ahDwn. 1, The vena cava auperior: 
2. the lena cava inferior; 3. cut ed^ oC the n^hl auricle 
turned aiide to ihuw, 4. the cavil y of the right auricle into 
which the txo venn cavai pour the hlood returoed from all 
parts of the body; 5. hook suspending the reflected \otlit«i. 
of the wall of the auricle ; 6. tho TigW ^entaMi 1 . tv». 
edge of the well ot the veatride, a ^itioi 
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been removed to show 8. the cavity of the ventricle; 9. 
situation of the opening between the auricle and ventricle, 
called the auricular orifice of the ventricle j 10. valve placed 
between the auricle and ventricle, one margin being firmly 
attached to the auriculo* ventricular opening in its e&tiie 
extent, the other lying loose in the cavity of the ventricle ; 
11. probe passed from the auricle into th ventricle under- 
neath the valve, showing the course of the blood from the 
former chamber to the latter; 12. the colunmae camese 
attached by one extremity to the walls of the ventricle, the 
other extrrmi^ ending in tendinous threads attached to the 
louse margin of the valve; 13. passage to the pulmonary 
artery ; 14. the three semilunar valves placed at the com- 
mencement of 15. the pulmonary artery; 16. the two great 
branches into which the trunk of the pulmonary artery 
divides, one branch going to each lung. 

is partly membranous and partly muscular. At its 
upper and back part is the opening of the vena 
cava superior (fig. CXVI. 1), which returns the 
blood to the heart from the head, neck, and all 
the upper parts of the body. At its lower part is 
the opening of the vena cava inferior (fig. CXVI. 
2), which returns the blood from all the lower 
parts of the body. 

260. The auricle communicates with its corre- 
sponding ventricle by a large opening, termed the 
auricular orifice of the ventricle (figs. CXIV. 5, 
and CXVI. 9). All around the opening is placed 
a thin but strong membrane (fig. CXVI. 10), one 
margin of which is firmly attached to the wall of 
the ventricle (figs. CXIV. 5, and CXVI. 9), while 
the other is free (fig. CXVI. 10). This mem- 
brane receives the uame^ wA^ ^ ^\\L be seen 
iininediately, perfoima \.\ve oSicfc oS. ^ \^^^. 



CHAMBERS OF THE HEART. 365 

261. The ventricle is much thicker and propor- 
tionally stronger than the auricle (fig. CXVI. 3, 
6)« It is composed almost entirely of muscular 
fibre. Over nearly the whole extent of its internal 
surface are placed irregular masses of muscular 
fibres, many of which stand out from the wall of 
the ventricle like columns or pillars (fig. CXVI. 
12) ; hence they are called fleshy columns (colum- 
nae cameae). Some of these fleshy columns are 
adherent by one extremity to the wall of the ven- 
tricle, while the other extremity terminates in ten- 
dinous threads which are attached to the membrane 
that forms the valve (fig. CXVI. 12). 

262. From the upper and right side of this 
chamber springs the pulmonary artery (fig. CXVI. 
15) ; at the entrance of which are placed three 
membranes of a crescent or semilunar shape, 
termed the semilunar valves (fig. CXVI. 14). 

263. The structure of the left side of the heart is 
perfectly analogous to that of the right. Its auricle, 
like that on the left side, is placed at the base of 
the ventricle (figs. CXIV. 10, and CXVIL 2), and 
like it also is thin, being composed chiefly of mem- 
brane. At its upper and back part (figs. CXIV. 
9, and CXVII. 1) are the openings of the four 
pulmonary veins, two from the right, and two from 
the left lung. 

264. At the passage of communication between 
the left auricle and ventricle is placed ^.n^n^ «xvac- 

logouB to that on the right side (^fvg. CXN\\*VV' 
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View of the heart with the great vaisels in connwtioo 
vith it, on the lelt aide, its cbamberi bemj^ laid open u in 
the jiieceding figure. I -The four iMdiDunary v«iiis op«ui>g 
into, 2. the cavity of the left auritle; 3. thecut edRO of lh» 
wall uf the aoricle; 4. the appeudix of the auricle; S. tt* 
carilf of the hit vtntiicle; 6. the oit ad|tE uf Ihe walloE 
the TEDtricle, (he greater portion of th« vail having been 
remored to show the interior of the chamber ; 7. lalie 
placed between tbe auricle sad ventricle ; H. columnga eoniM 
termiaatine iu teadinoits threads attached tt> the looN 
ma^inoftne valve; 9. probe paBHed uaderneath the vain 
and its tendiuoua threada, railing Ihem from the wall of 
the ventricle siniilar to a reSueut eunent of Muod; 10. 
pasiHge lo II. the aorta; 12. two of the semilunar Tains 
placed at the mouth of the aorta, the tliird having been eat 
away; 13. archoCtheaoita; WA^eV^ueeiemilunarvalns 
3t the commencemfnt a! ttie ■pAtnoMm^ »*«=ri mmi la 
Hctioa, comj)l«tely dosinig ttw mo>A^>A it* ■«.«*. 
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265. The walls of the left ventricle are nearly 
thick again as those of the right, and its fleshy 

Columns are much larger and stronger. From the 
Upper and hack part of this fourth chamber (fig. 
CXVII. 11) springs the great systemic artery, the 
aorta, around the mouth of which are placed three 
Semilunar valves (fig. CXVII. 12), similar to those 
at the mouth of the pulmonary artery. 

266. The partition which divides the two sets 
of. chambers from each other (fig. CXIV. 6) is 
wholly composed of muscular fibres, and is called 
the septum of the heart. 

267. The external surface of the heart is covered 
by a thin but strong membrane continued over it 
from the pericardium. Between this membranous 
covering and its fleshy substance is lodged, even 
when the body is reduced to the greatest degree of 
thinness, a quantity of fat. Immediately beneath 
this fat are the fleshy fibres that compose the main 
bulk of the organ. These fibres are arranged in a 
peculiar manner. The arrangement is not per- 
ceptible when the heart is examined in its natural 
state, but after it has been subjected to long-con- 
tinued boiling, which, besides separating extraneous 
matters from the fibres, hardens and loosens without 
displacing them, the manner in which they are 
disposed is manifest. Just at the point where the 
muscular fibres that constitute the septum of the 
auricles are set upon those which form the seijtum 

of the ventricles^ and parallel "wit\Lt\v&OTv^\v^'l^'^ 
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aorta, the heart is not muscular but tendinous 
The substance called tendon, it has been shown, 
is often employed in the body to afiford origin or 
insertion to muscular fibres, performing, in fact, the 
ordinary office of bone, and substituted for it in 
situations where bone would be inconvenient. 
From the tendinous matter just indicated most of 
the fibres that constitute the muscular walls of the 
heart take their origin. From this point the fibres 
proceed in different directions : those which go- to 
form the wall of the auricles ascend ; those which 
form the wall of the ventricles pursue an oblique 
course downwards, and the arrangement of the 
whole is such, that a general contraction of the 
fibres must necessarily bring all the parts of the 
heart towards this central tendinous point. The 
object and the result of this arrangement will be 
manifest immediately. 

268. The internal surface of the chambers of the 
heart, in its whole extent, is lined by a fine trans- 
parent serous membrane, which renders it smooth 
and moist ; and, like all other organs which have 
important functions to perform, it is plentifully 
supplied with blood-vessels and nerves. 

269. Such is the structure of the organ that 

moves the blood. The artery, the tube that 

carries it out from the heart, is a vessel com* 

posed of three distinct layers of membrane super- 

iinposed one upon anolYiet, wA \n.>^xcA\^ ^^jcitai 

bjr delicate cellulaT t'vs^Me- Ts^eefcXvj^^vsfcXeKasJk 



lies or coKts. The external coat (fig. CXVIII. 
which IB also called the cellular, ounsisu 




'nrtioa of an utEiy, ahowin^ the * 
a compond aepuUed dam each oti 
laitniBcuatj 2. tbemiildlnaifibntua coat; . 
Millulw cost. 

minute whitish fibres, which are denK and 
igh, and closely interlaced together in every di- 
:tion. They form a membrane of great streDg[th, 
i elasticity of which, especially in the tongi- 
linal direction, is such that, in addition to its 
ler names, it has received that of the elastic 
It. 

270. The middle or the fibrous tunic ia com- 
led of yellowish flattened fibres which pass in an 
lique direction around the calibre of the vessel, 
ming s^iments of circles, which, uniting, pro- 
ce complete rings (fig. CXVIII. 2). This tunic 
thick, consisting of several layers of fibres which 
is easy to peel off in succession. They form a 
n, solid, elastic, but, at ^e txaub "aant^ \siiAA 
nbnuie. 
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271. The inner tunic, thin, colouile8s» nearly 
transparent, and perfectly smooth, is moistened by 
a serous fluid, and is thence called the serous 
coat (fig. CXVIII. 1). To the naked eye it pre- 
sents no appearance of fibres, yet notwithstanding 
its extreme delicacy, it is so strong that, after the 
other coats of the artery have been entirely removed 
in a living animal, it is capable of resisting the im- 
petus of the circulation, and of preventing the di- 
latation of the artery. The arteries themselves are 
supplied with arteries, vessels that nourish their 
tissues, and which are sent to them from neigh- 
bouring branches, seldom or never from the vessel 
itself to which they are distributed. Each indivi- 
dual part of an artery is supplied by its own ap- 
propriate vessels, which form but few communi- 
cations above and below, so that if care be not 
taken in surgical operations to disturb these nu- 
trient arteries very little, the vessel will perish for 
want of sustenance. 

272. The vein, the tube that carries back the 
blood to the heart, is composed of the same number 
of tunics as the artery, which, with the exception 
of the middle, are essentially the same in struc- 
ture, but they are all much thinner. The external 
tunic consists of a less dense and strong cellulfir 
membrane; the middle tunic, instead of being 
formed of elastic iixi^«, is composed of soft and 

yielding fibres, diRpo«>e4'm«.\wi^\».^\s\^^^ 
while the inner coat, Yj\vviV *\% %!eJJs.\ass«i ^^>r36& 
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than that of the artery, is arranged in a peculiar 
manner. The inner coat of most veins, at slight 
intervals, is formed into folds (fig. CXX. 5), one 
margin of which is firmly adherent to the circum- 
ference of the vessel, while the other margin is free 
and turned in the direction of the heart. These 
membranous folds are termed valves. In all veins 
the diameter of which is less than a line the valves 
are single ; in most veins of greater magnitude 
they are placed in pairs, while in some of the 
larger trunks they are triple, and in a few instances 
quadruple, and even quintuple. The veins, like 
the arteries, are supplied with nutrient vessels and 
nerves. 

273. All the arteries of the body proceed from 
the two trunks already described ; that connected 
with the pulmonic circle, the pulmonary artery, and 
that connected with the systemic circle, the aorta. 
These vessels, as they go out from the heart and 
proceed to their ultimate termination, are arbores- 
cent, that is, they successively increase in number 
and diminish in size, like the branches of a tree 
going off from the trunk (fig. CXIX. 1, 2, 3). 
Each trunk usually ends by dividing into two or 
more branches (fig. CXIX. 1, 2), the combined 
area of which is always greater than that of the 
trunk from which they spring, in the proportion 
of about one and a half to one. As the branch 
proceeds to its ultimate termination it divides and 
Mubdivides, until at length the ve««d\^^<^Q\s\s»k^j^ 
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Wewofthe manner in which an artery dlvirfw ludiub- 
d.wdes ,n,o >t, ultimate branch.,. 1. T^nuJ", art^ 
2. hrge branches inW ■«Wb. Si »^>WWides - 3. , Ju 
oraachea, succeaBivelv becomTOj »iiiii\« »a\i3uis«i ua^ 
tbey terminate in 4, the ca^'i^i^j >naiKbi». 
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minute, that it can no longer be distinguished 
by the eye. These ultimate branches are called 
capillary vessels, from their hair-like smallness 
(fig. CXIX. 4) ; but this term does not adequately 
express their minuteness. It has been stated 
(234) that the red particle of the blood, at the 
medium calculation, is not more than the three- 
thousandth part of an inch in diameter ; yet vast 
numbers of the capillary vessels are so small that 
they are incapable of admitting one of these par- 
ticles, and receive only the colourless portion of 
the blood. 

274. Every portion of an artery, by reason of the 
elasticity of its coats, preserves nearly a cylindrical 
form, and as the area of the branches is greater 
than that of the trunks, the blood, in proceeding 
from the heart to the capillaries, though passing 
through a series of descending cylinders, is really 
flowing through an enlarging space. 

275. The disposition of the veins, like that of 
the arteries, is arborescent, but in an inverse order; 
for the course of the veins is from capillary vessels 
to visible branches, and from visible branches to 
large trunks (fig. CXX. I, 2, 3). In every part 
of the body where the capillary arteries terminate 
the capillary veins begin, and the branches uniting 
to form trunks, and the small to form large trunks, 
and the trunks always advancing towards the heart, 
and always increasing in magnitude as they ap- 

proach it, form at length the tvfo nw\^ ^\vv5sv \\. 




Vieit of the nunnei in wtk^, ttm mmute bianchn of tbt 
vein unite ti) form tlie iai^ ^huii^uk uA ■hn tniik>- 
1. CapjJIaij?enoiubT»i«\te« %. ■iiuX\\inak<it«tt-wuriV,'«V 
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tUe union of the capUary ; 3. larger branehes formed by 
^he union of the smaller and gradually increasing in sixe, 
to form the ^reat trunk, 4. a portion of which is laid open 
to show its mner surface and the arrangement of 5. the 
halves formed by its inner coat. 

has been stated (258) return all tbe blood of tbe 
body to the right auricle of the heart. 

276. The veins are very much more numerous 
than the arteries, for they often consist of double 
sets, and they are at the same time more capacious 
and more extensible. Reckoning the whole of the 
blood at one-fifth of the weight of the body, it is 
estimated that, of this quantity, about one-fourth 
is in the arterial and tbe remaining three-fourths 
in the venous system. The combined area of the 
branches of the veins is much greater than that of 
the two trunks in which they terminate (fig. CXX. 
1, 2, 3, 4) : the blood, therefore, in returning to 
the heart, is always flowing from a large into a 
smaller space. 

277. The divisipns and subdivisions of the artery 
freely communicate in all parts of the body by 
means of what are called anastomosing branches, 
and this communication of branch with branch 
and trunk with trunk is termed anastomosis. The 
same intercommunication, but with still greater 
freedom and frequency, takes place among the 
branches of veins. In both orders of vessels the 
communication is frequent in proi^xtiQiTL \i^ ^3ssft. 

minuteness of the branch and \t& d\e\»Xk.c^ ^x^^'^ 
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the heart. It is also more frequent in proportiou 
as a part is exposed to pressure; hence the minute 
arteries and veins about a joint are distinguished 
for the multitude of their anastomosing branches; 
and above all, it is frequent in proportion to the 
importance of the organ ; hence the most remark- 
able anastomosis in the body is in the brain. By 
this provision care is taken that no part be de- 
prived of its supply of blood ; for if one channel 
be blocked up, a hundred more are open to the 
current, and the transmission of it to any par- 
ticular region or organ by two or more channels, 
instead of through one trunk, is a part of the same 
provision. Thus the fore-arm possesses four prin- 
cipal arteries with corresponding veins, and the. 
brain receives its blood through four totally inde- 
pendent canals*. 

* Whenever there is any interruption to the ordinaiy 
flow of the circulating fluids, the powers of the anasto- 
mosing circulation are capable of being increased to a sur- 
prising extent The aorta itself has frequently been tied 
^n animals of considerable size without destroying life; in 
the human body it has also been found obliterated by 
disease in diflereut parts of its course, in one case as high 
as the termination of its curvature. In the cure for aneu- 
rism the external iliac artery has been tied by Mr. Abemethy 
with success; the subclavian artery below the clavicle by 
Mr. Keate ; the common carotid by Sir Astley Cooper ; the 
subclavian artety abote IVve e\«.N\c\A by Mr. Ramsden ; the 
internal iliac artery by I>t, H\w«t\%\ \\v<& ^^^foYVA.\\£05scDBaadd^ 
by Dr. Mott, of N«w ^otV-, twii^ \«»X\^. ^v. ^^^xs^»^ 
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278. That the blood is really a flowing stream, 
d that it pursues the course described (258), 
indubitable. For, 

(1.) With the microscope, in the transparent 
rts of animals, the blood can be seen in motion 
g. CXXL); and if its course be attentively 
served, its route may be clearly traced. 
(2.) The membranes termed valves are so 
iced as to allow of the freest passage to the 
3od in the circle described, while they either 
x)gether prevent or exceedingly impede its move- 
snt in any other direction. 
(3.) The effect of a ligature placed around a 
in and an artery, and of a puncture made above 
e ligature in the one vessel and below it in the 
her, demonstrate both the motion of the blood 
id the course of it. When a ligature is placed 
ound a vein, that part of the vessel which is 
ost distant from the heart becomes full and 
rgid on account of the accumulation of blood in 
; while the part of the vessel which is between 
e ligature and the heart becomes empty and 

rts itself, by Sir A. Cooper. Mr. Grainger tied the 
dominal aorta of a dog ; when the animal had recovered 
>m that operation, the carotids and the great trunks of 
e anterior extremities were tied : in this manner the whole 
urse of the circulation was altered. The dog^ which was 
very large size, survived all these operations^ and a\)- 
fored to enjoy its ordinary health. Gta.\tk^«t'% Qtwast^^ 
atomyj p. 251—253. 
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Fig. CXXI. 




fl&ccid, because it has CBiried on its coatenU tu 
the heart, and it can receive no fresh supply fron> 
the body. When, on tlie contrary, a ligature b 
placed around an artery, that portion of the veiM) 
which lies between, vhe \i%*toira mA \Sva heart 
becomee full and tm%\4, «a4 -iiaft. «iJc«i yw«^ 
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mpty and flaccid. This can only be because the 
ontents of the two vessels move in opposite direc- 
ions, — from the heart to the artery, from the 
rtery to the vein, and from the vein to the heart. 
it the same time, if the vein be punctured above 
he ligature, there will be little or no loss of blood; 
»rhile if it be punctured below the ligature, the 
>lood will continue to flow until the loss of it 
»ccasions death, which could not be unless the 
)lood were in motion, nor unless the direction of 
ts course were from the artery to the vein and 
rom the vein to the heart. 

(4.) If fluids be injected into the veins or 
irteries, whether of the dead or of the living body, 
hey readily make their way and fill the vessels, if 
brown in the direction stated to be the natural 
lourse of the circulation ; but they are strongly 
esisted if forced in the opposite direction. 

279. Such is the description, and with the ex- 
eption of the first proof, such the evidence of the 
irculation of the blood in the human body, pretty 
auch as it was given by the discoverer of it, the 
llustrious Harvey. Before the time of Harvey, a 
ague and indistinct conception that the blood was 
ot without motion in the body had been formed 
y several anatomists. It is analogous to the 
rdinary mode in which the human mind arrives 
t discovery (chap, iii., p. 103), that many minds 
iiould have an imperfect perception of aw uxto^'o^w 
uth, before some one mind sees it '\xv \\a cowv- 
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pleteness and fdSty disclosea it. Having, about 
the year 1620, succeeded in completely tracing the 
circle in which the blood movesy and having at 
that time collected all the evidence of the £Kt, 
with a rare degree of philosophical forbearance, 
Harvey still spent no less than eight years in it- 
examining the subject, and in maturing the proof 
of every point, before he ventured to speak of it in 
public. The brief tract which at length he pub- 
Ibhed was written with extreme simplicity, clear- 
ness, and perspicuity, and has been justly chiinc- 
terised as one of the most admirable examples of 
a series of arguments deduced from observation 
and experiment that ever appeared on any subject 
280. Cotemporaries are seldom grateful to dia- 
coverers. More than one instance is on record 
in which a man has injured his fortune and loat 
his happiness through the elucidation and esta- 
blishment of a truth which has given him immor- 
tality. It may be that there are physical truths 
yet to be brought to light, to say nothing of new 
applications of old truths, which, if they could 
be announced and demonstrated to-day, would be 
the ruin of the discoverer. It is certain that there 
are moral truths to be discovered, expounded, aud 
enforced, which, if any man had now penetration 
enough to see them, and courage enough to express 
them, would cause him to be regarded by the 

/^resent generation V\t\i \vattat wA ^^NRs^^tion. 

Perhaps, duriBg those e\^\.l^^^^^^ ^-^^-wkcxv 



CONSEQUENCES TO THE DISCOVSBElU 381 

n, the discoverer of the circulation Bometimes 
leavoured in imagination to trace the effect 
ich the stupendous fact at the knowledge of 
ich he had arrived would have on the progress 
his favourite science ; and, it may he, the hope 
i the expectation occasionally arose that the 
stimahle henefit he was about to confer on his 
ow men would secure to him some portion of 
ir esteem and confidence. What must have 
n his disappointment when he found, after the 
>lication of his tract, that the little practice he 
I had as a physician, by degrees fell off. He 
) too^ speculative, too theoretical, not practical 
;h was the view taken even by his friends. His 
mies saw in his tract nothing but indications 
a presumptuous mind that dared to call in 
istion the revered authority of the ancients; 
some of them saw, moreover, indications of a 
iignant mind, that conceived and defended doc- 
es which, if not checked, would undermine the 
f foundations of morality and religion. When 
evidence of the truth became irresistible, then 
ic persons suddenly turned round and said, 
: it was all known before, and that the sole 
it of this vaunted discoverer consisted in having 
ulated the circulation. The pun was not fatal 
he future fame of this truly great man, nor 
1 to the gradual though slow return of the 
lie confidence even during hi« o^nti \.vnv&\ 1<^^ 
ved to attain the summit of Tepu\A.\)\oTi. 



/ 
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281 . It is then indubitably established tliat the 
whole blood of the body in successive streams is 
collected and concentrated at the heart. The 
object of the accumulation of a certain mass of it 
at this organ is to subject it to the action of & 
strong muscle, and thereby to determine its trans- 
mission with adequate force and precision through 
the different sets of capillary vessels. 

282. In the accomplishment of this object the 
heart performs a two-fold action ; that of contrac- 
tion and that of dilatation. The auricles contract 
and thereby diminish their cavities, then dilate and 
thereby expand them, and the one action alter- 
nates vnth the other. There is the like alternate 
contraction and dilatation of the ventricles. The 
first action is termed systole, the second diastole, 
and both are performed with force. 

283. When the heart is laid open to view in a 
living animal, and its movements are carefully ob- 
served, it is apparent that the two auricles contract 
together; that the two ventricles contract together; 
that these motions alternate with each other, and 
that they proceed in regular succession. The in- 
terval between these alternate movements is, how- 
ever, exceedingly short, and can scarcely be per- 
ceived when the heart is acting with full vigour; 
but it is evident when its action is somewhat 
laDguid. 

284. When the \e»tTide» ^wiNx^rx, \!w^ ^i^x of 
tie heart is drawn TLip^wc^%>««^^^^'^'^^^^'^»aft. 
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sed or tilted forwards. It is during this systole 
Ihe ventricles, and in consequence of this result 
their action, that the apex of the heart gives 
it impulse against the walls of the chest which 
'elt in the natural state between the fifth and 
th ribs, and which just perceptibly precedes the 
se at the wrist. 

585. When the ear is appliea to the human 
fit, over the situation of the heart, a dull and 
lewhat prolonged sound is heard, which precedes 
I accompanies the impulse of the heart against 

chest. This dull sound is immediately suc- 
ded by a shorter and sharper sound : after this 
re is a short pause ; and then the dull sound 
I impulse are again renewed. The duller sound 
' stronger impulse are ascribed to the contrac- 
1 of the ventricles, and the sharper sound and 
Dler impulse to that of the auricles. 

586. The movement of the heart is effected by 
contraction of its muscular fibres. Those 

es rest, as upon a firm support, on the tendinous 
tter to which they are attached, from which 
y diverge, and towards which their contraction 
st necessarily bring all the parts of the heart 
)7). The result of their contraction is the 
srerful compression of all the chambers of the 
rt, and thereby the forcible ejection of their 
tents through the natural openings. 
ISl. But the chambers, alternately with forcible 
'Taction, perfonn the action o£ iotcOcAa ^^'aXa.- 
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tion. This movemeut of dilatation is effected by W 
the reaction of the elasticity of the tendinooi p 
matter on which the muacular fibres are supported ^ 
(267). This highly elastic substance, by the con- 
traction of the fibres, is brought into a state of 
extreme tension. The contraction of the fibres f 
ceasing, that moment the tense tendon recoils with 
a force exactly proportionate to the degree of 
tension into which it had been brought. Thus the 
very agent that is employed forcibly to close the 
chamber is made the main instrument of securing 
its instantaneous re-opening. A vital energy is 
appointed to accomplish what is indispensable, 
and what nothing else can effect, the origination 
of a motive power ; a physical agent is conjoined 
to perform the easier task to which it is competent ; 
and the two powers, the vital and the physical, 
work in harmony, each acting alternately, and 
each, with undeviating regularity and unfJEuling 
energy, fulfilling its appropriate office. 

288. When the chambers of the heart which open 
into each other, and which as freely communicate 
with the great vessels that enter and proceed from 
them, are forcibly closed, and the blood they con- 
tain is projected from them, how is one uniform for- 
ward direction given to the current? Why, when 
the right ventricle contracts, is the blood not sent 
back into the right auricle, as well as forward into 
the pulmonary ailer^ '^ TVict^ Ssl W\. ^yaa mode of 
preventing such an eNWi\^^V\QVSk\ft^^'t^^w^- 
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,te between the two chambers ; and there a flood- 
,te is placed, and that flood-gate is the valve. As 
Dg as the blood proceeds onwards in the direct 
•urse of the circulation, it presses this membrane 
ose to the side of the heart, and thereby prevents 
from occasioning any impediment to the current, 
rhen, on the contrary, the blood is forced back- 
ards, and attempts to re-enter the auricle, being 
* course driven in all directions, some of it passes 
stween the wall of the ventricle and the valve, 
"he moment it is in this situation it raises up the 
sdve, carries it over the mouth of the passage, 
od shuts up the channel. There cannot be a 
lore perfect flood-gate. 

289. This is beautiful mechanism; but there 
\ another arrangement which surpasses mere me- 
hanism, however beautiful. It has been shown 
260) that one edge of the membrane that forms 
he valve is firmly adherent to the wall of the ven- 
ricle, while the other edge, when not in action, 
ppears to lie loosely in the ventricle (fig, CXVI. 
0). Were this edge really loose the refluent 
urrent would carry it back completely into the 
luricle, and so counteract its action as a valve ; 
)Ut it is attached to the tendinous threads pro- 
leeding from the fleshy columns that stand along 
he wall of the ventricle (fig. CXVI. 12). By 
hese tendinous threads, as by so many strings, 
he membrane is firmly held in its proper i^o«\tw«\ 
%. CXVL 10, 12) ; and the TeftxveoX. cvxrt^oX 

VOL, /. s 
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oanuot carry it into the auricle. Thus far the 
arrangement is mechanical. But each of these 
fleshy columns is a muscle, exerting a proper mus- 
cular action. Among the stimulants which excite 
the contractility of the muscular fiihre, one of the 
most powerful is distension. The refluent current 
distends the membrane; the distension of the mem- 
brane stretches the tendinous threads attached to 
it; the stretching of its tendinous threads stretches 
the fleshy column; by this distension of the column 
it is excited to contraction ; by the contraction of 
the column its thread is shortened; by the shorten- 
ing of the thread the valve is tightened, and that 
in the exact degree in which the thread is shortened. 
So, the greater the impetus of the refluent blood, 
the greater the distension of the membrane; and 
the greater the distension of the membrane, the 
greater the excitement of the fleshy column ; the 
greater the energy with which it is stimulated to 
act, the greater, therefore, the security that the 
valve will be held just in the position that is re- 
quired, with exactly the force that is needed. Here, 
then, is a flood-gate not only well constructed as 
far as regards the mechanical arrangement, but so 
endowed as to be able to act with additional force 
whenever additional force is requisite; to put 
forth on every occasion, as the occasion arises, just 
the degree of strength required, and no more. 
290. The contxikctioiv oi ^^\\R»xtis the power 
that moves the\Aood; «3i^\)K» ^i^\iNs»RjQkss«L^^s»r 
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rates a force which is adequate to impel it through 
the circle. From experiments performed by Dr. 
Hales it appears that if the artery of a large animal, 
such as the horse, be made to communicate with 
an upright tube, the blood will ascend in the tube 
to the height of about ten feet above the level of 
the heart, and will afterwards continue there rising 
and falling a few inches with each pulsation of the 
heart. In this animal, then, the heart acts with a 
force capable of maintaining a column of ten feet. 
Now a column of ten feet indicates a pressure of 
about four pounds and a half in a square inch of 
surface. Suppose the human heart to be capable 
of supporting a column of blood eight feet high, 
this will indicate a pressure of four pounds to the 
square inch ; but the left ventricle of the heart, 
while it injects its column of blood into the aorta, 
has to overcome the inertia of the quantity of blood 
projected ; of the mass already in the artery, and of 
the elasticity of the vessel yielding to a momentary 
increase of pressure : it is probable, therefore, that 
the heart acts with a force of six pounds on the 
inch. The left ventricle, when distended, has about 
ten square inches of internal surface ; consequently 
the whole force exerted by it may be about sixty 
pounds. According to the calculation of Hales, it 
is fifty-one and a half. Now, it is proved by nu- 
merous experiments, that, after death, a slight im^ 
pulse with the syringe, certainly m\iclv \'ees^ XJcvkvx 
that which is acting upon the \AooA. \s\ \)wt ^vckja 
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artery during life, is sufficient to propel a solution 
of indigo, or fresh drawn blood, from a large arteiy 
into the extreme capillary. If, therefore, after 
death, a slight force will fill the capillaries, a force 
during life equal to sixty pounds must be adequate 
to do so. 

291 . The heart, with a force equal to the pres- 
sure of sixty pounds, propels into the artery two 
ounces of blood at every contraction. It contracts 
four thousand times in an hour. There passes 
through the heart, therefore, every hour, eight 
thousand ounces or seven hundred pounds of 
blood. It has been stated (216) that the whole 
mass of blood in an adult is about twenty-eight 
pounds : on an average the entire circulation is 
completed in two minutes and a half; conse- 
quently a quantity of blood equal to the whole 
mass passes through the heart from twenty to 
twenty-four times in an hour. But though the ave- 
rage space of time requisite to accomplish a com- 
plete circulation may be two minutes and a half, yet 
when a stream of blood leaves the heart, different 
portions of it must finish their circle at very different 
periods, depending in part upon the length of the 
course which they have to go, and in part upon the 
degree of resistance that obstructs their passage. A 
part of the stream, it is obvious, finishes its course 
in circulating thiou^ t\v^ heart itself; another 
portion takes a \oiv^<&t ccccvoX. xJat^-sM^ '^^ ^<yit; 
another extends tii^ c\id^xoxaA^'?.\«5b^s>isSw 
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another visits the part placed at the remotest 
distance from the central moving power. Such is 
the velocity with which the current sometimes 
goes, that, in the horse, a fluid injected into the 
great vein of the neck, on one side, has been de- 
tected in the vein on the opposite side, and even 
in the vein of the foot, within half a minute. 

292. It has been shown (282) that the different 
chambers of the heart have a tendency to perform 
their movements in a uniform manner, and in a suc- 
cessive order; that they contract and dilate in regu- 
lar alternation, and at equal intervals; but, more- 
over, they continue these movements equally with- 
out rest and without fatigue. On go the motions, 
night and day, for eighty years tc^ether, at the rate 
of a hundred thousand strokes every twenty-four 
hours, alike without disorder, cessation, or weariness. 
The muscles of the arm tire after an hour's exer- 
tion, are exhausted after a day's labour, and can 
by no effort be made to work beyond a certain 
period. There is no appreciable difference be- 
tween the muscular substance of the heart and 
that of the arm. It is true that the heart is 
placed under one condition which is peculiar. 
Muscles contract on the application of stimuli; 
and different muscles are obedient to different 
stimuli, — the voluntary muscles to the stimulus 
of volition, and the heart to that of the blood. 
The exertion of volition is not constant^ but 
occasional; the muscle acta oiA^ ^\i&T^ ^^> ^-^ ^^^'^ 
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Cited by the application of its stimulus : hence 
the voluntary muscle has considerable intervals of 
rest. The blood, on the contrary, is conveyed to 
the heart without ceasing, in a determinate maimer, 
in a successive order; and this is the reason wbj 
through life its action is imiform : it uniformly 
receives a due supply of its appropriate stimiilas« 
But why it is unwearied, why it never requiies 
rest, we do not know. We know the necessitiei 
of the system which render it indispensable that it 
should be capable of untiring action, for we know 
that the first hour of its repose would be the last 
of life ; but of the mode in which this wonderfiil 
endowment is communicated, or of the relations 
upon which it is dependent, we are wholly igno- 
rant. 

293. The force exerted by the heart is vital. It 
is distinguished from mechanical force in being 
produced by the very engine that exerts it. In 
the best-constructed machinery there is no real 
generation of power. There is merely concen- 
tration and direction of it. In the recoil of the 
spring, in the re-action of condensed steam, the 
energy of the expansive impulse is never greater 
than the force employed to compress or condense, 
and the moment this power is expended all ca- 
pacity of motion is at an end. But the heart 
produces a force equal to the pressure of sixty 

pounds by the gentX^^X. «^^v».^vQma!C^ bland fluid. 

Here no force is oomm\mv».x«^Vi\«» %s|^^^^ 
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out, as in every mechanical moving power ; but it 
is new power, power really and properly generated ; 
itnd this power is the result of vital action, and is 
never in any case the result of action that is not 
vital. 

294. The heart projects the blood with a givev 
force into the arterial tubes. The arteries in tho 
living body are always filled to distension, and 
somewhat beyond it, by the quantity of blood that 
is in them. It has been shown that the elasticity 
of their coats is such as to give to them, even after 
death, the form of open hollow cylinders (274) 
During life they are kept in a state of distension by 
the quantity of blood they contain. By virtue of 
their elasticity they re-act upon their contents with 
a force exactly proportioned to the degree of their 
distension, that is, with a force at least adequate 
to keep them always open and rigid. 

295. These open and rigid tubes, already filled 
to distension, and somewhat beyond it, receive at 
every contraction of the heart a forcible injection 
of a new wave of blood. The first effect of the in- 
jection of this new wave into a tube previously full 
to distension, is to cause the current to proceed by 
jerks or jets, each jerk or jet corresponding to the 
contraction of the heart. And, accordingly, by this 
jet-like motion, the flow of the blood in the artery 
is distinguished from that in the vein, in which 
latter vessel the current is an equal and ttaao^iiil 
Btream» 
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296. The second effect of this new wave is to 
occasion some further distension of the already 
distended artery, and accordingly, when the vesid 
is exposed in a living animal, and its action caxt' 
fully observed, a slight augmentation of its dia- 
meter is distinguishable at every contraction of the 
heart. This new wave while it distends must at 
the same time slightly elongate the vessel ; cause 
its straight portions to bend a little, and its curved 
portions to bend still more ; and, consequently, in 
some situations, to lift it a little from its place, 
giving it a slight degree of locomotion; — and these 
two causes combined produce the pulse. When 
the finger is pressed gently on an artery, at the in- 
stant of the contraction of the heart, the vessel is 
felt to bound against the finger with a certain 
degree of force : this, as just stated, is owing to 
a slight distension of the vessel by the new wave 
of blood, together with a slight elongation of it, 
and a gentle rising from its situation. 

297. The blood, in flowing through the arterial 
trunks and branches to the capillaries, through 
the arterial to the venous capillaries, and through 
the venous branches and trunks back to the heart, 
is exposed to numerous and powerful causes of 
retardation: such, for example, as the friction 
between the blood and the sides of the vessels, the 
numerous curves and angles formed by the branches 

in springing from t\i^ tiMxiVa, ^^ x«t^>Mixia course 
of the vessels in mat\^ paxX.^ ol xJcsa \iQ^^^ ^ja.^ "^^ 
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icreasing area of the arterial branches as they 
ultiply and subdivide. Yet the extraordinary 
ct has been recently discovered, that the blood 
oves with the same momentum or force in every 
irt of the arterial system, in the aorta, in the 
tery in the neck which carries the blood to the 
jad (the carotid artery), in the artery of the arm 
he humeral artery), in the artery of the lower 
Ltremity (the femoral artery); in a word, in the 
inute and remote capillary, and in the large trunk 
5ar the heart. Having contrived an instrument 
r which the force of the blood as it flows in its 
jssel could be accurately indicated by the rise of 
ercury in a tube, M. Poiseuille found that the 
evation of the mercury is uniformly the same in 
e diflerent arteries of the same animal, whatever 
e size of the artery and its distance from the 
lart. This tube was inserted, for example, into 
e common carotid artery of a horse : the diameter 

the vessel was -ftV^^s of an inch ; its distance 
)m the heart was thirty-nine inches ; the height 
which the mercury rose in the graduated tube 
IS accurately marked. The tube was then in- 
rted into a muscular branch of the artery in 
e thigh : the diameter of this vessel was r^xr^hs 

an inch, and its distance from the heart 67-g 
ches. According to the mean of nine observa- 
)ns, the mercury rose in both tubes to precisely 
e same elevation. Here is w\o\)aec vbsX.«s\r& ^V 
? beautiful adjustmente cvetywVvci^ ^\a5^^^ 
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in the living economy. The blood is sent by a 
living engine, moving under laws peculiar to the 
state of life, into living vessels, which in their tun 
acting under laws peculiar to the state of Ufe, so 
accommodate themselves to the current as abso- 
lutely to offer no resistance to its progress; bo 
accommodate themselves to the moving power, as 
completely and everywhere to obviate the physical 
impediments to motion inseparable from inorganic 
matter. 

298. That the arterial tubes do possess and exert 
a truly vital power, modifying the current of the 
blood they contain, is indubitably established. 

1 . If in a living animal the trunk of an arteiy ht 
laid bare, the mere exposure of it to the atmospheric 
air causes it to contract to such a degree, that its 
size becomes obviously and strikingly diminished. 
This can result only from the exertion of a vital 
property, for no dead tube is capable in such a 
manner of diminishing its diameter. 

2. If during life an artery be opened and the 
animal be largely bled, the arteries become pro- 
gressively smaller and smaller as the quantity of 
blood in the body diminishes. If the bleeding be 
continued until the animal dies, and the arteries of 
the system be immediately examined, they are 
found to be reduced to a very small size ; if again 
examined some tiioft ^iXAx death, they are found to 

have become laiget, axv^ \)ae^ %^ wi.^wi\\sj^«ic- 
cessivcly larger audW^et >iox:^^«i x5^^Jsb.t««^ 
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their original magnitude, which they retain until 
they are decomposed by putrefaction. 

3. M. Poiseuille distended with water the artery 
of an animal just killed. This water was urged by 
the pressure of a given column of mercury. The 
force of the re-action of the artery was now mea- 
sured by the height of a column of mercury which 
the water expelled from the artery could support. 
It was found that the artery re-acted with a force 
greater than that employed to distend it, and 
greater than the same artery could exert some 
time after death; but since mechanical re-action 
can never be greater than the force previously 
exerted upon it (293), it follows that the excess of 
the re-action indicated in this case was vital. 

4. If an artery be exposed and a mechanical or 
chemical stimulus be applied to it, its diameter is 
altered, sometimes becoming larger and sometimes 
smaller, according to the kind of agent employed. 

299. Any one of these facts, taken by itself, 
affords a demonstration that the arterial trunks 
and branches are capable of enlarging and dimi- 
nishing their diameter by virtue of a vital endow- 
ment. There is complete evidence that the exer- 
tion of this vital power on the part of the arterial 
trunk is not to communicate to the blood the 
smallest impulsive force ; the engine constructed 
for the express purpose of working the current 
generates all the force that is required ; but the 
labour of the engine is economized \s^ \xk^«x^«v^ 






396 THE PHILOSOPfli; 07 HEALTH. 

to the tubes that receive the stream a vital pro- 
perty, by which they wholly remove the physksil 
obstructions to its motion. 

300. Driven by the heart through the arterial 
branches into the capillaries, the blood courses 
along these minute vessels urged by the same 
power. The most careful observers, from Haller 
and Spalanzani down to the present time, concur 
in stating that the pulsatory movement communi- 
cated by the heart to the blood in the great arte- 
ries is distinctly visible under the microscope in 
the capillaries. " I have often observed in frogs 
and tadpoles, and once in the bat,'* says Wede- 
meyer, " that when the circulation was becoming 
feeble, the blood in the finest capillaries advanced 
by jerks, corresponding with the contractions of the 
heart. I remarked the same appearance in the 
fine veins several times in the toad and tadpole, 
and once in the frog." If an experimenter so dis- 
pose the circulation of the limb of an animal that 
the flow of blood be confined to the branches of a 
single artery, and a corresponding vein, it is found 
that the blood stagnates in the vein whenever the 
current in the artery is stopped by a ligature, but 
no sooner is the ligature removed from the artery, 
than the blood begins again to flow freely along 
the vein, the capillaries of the artery which have 
to send on the current to those of the vein being 
now again withm t\vt \Tv^\jL'ea«fc Ql^<i\sftait. And 
if the impulse o£ t\ift \veas\\>^^Tass^^^vs«j^'^:s«. 
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capillary system, by placing a ligature around the 
aorta, the capillary circulation is uniformly and 
completely stopped. 

301. It was found by Dr. Hales, that, under 
ordinary circumstances, the blood rises in a tube 
connected with a vein to the height only of six 
inches, while it has been shown (290) that in the 
artery it ascends as high as ten feet. This pro- 
digious difference between the venous and the 
arterial tension led to the conclusion that the im- , 
pulsive force of the heart was all but exhausted 
before the blood reached the veins, and set physio- 
logists on the search for other powers to carry on 
the venous circulation. It was overlooked that 
the blood has an open and ready escape from the 
great trunks of the veins through the right 
chambers of the heart, and that in consequence of 
this free escape of their fluid, these vessels indicate 
no greater tension than is just sufficient to lift the 
blood to the heart, and to overcome friction*. 
M. Magendie having laid bare the chief artery and 
vein of a living limb, and having raised the vessels 
in such a manner that he could place a ligature 
around the former, without including the latter, 
found that the flow of blood from a puncture made 
below a ligature on the vein, was rapid or slow, 
according as the heart was allowed to produce a 
greater or less degree of tension in the artery, 

* See this matter very ably discussed in Dr. Amott's 
excellent work on tho Elements of VYiyHVc%, noV\. 
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which tension was regulated by compressing tLe 
artery between the fingers. After a similar prepa* 
ration of a limb, a ligature was placed around the 
vein; a tube was then inserted into it; it was 
found that the blood ascended in the tube from 
the obstructed vein just as high as from the 
artery. 

302. Thus we are able to trace the action of the 
heart from the beginning to the end of the circle. 
Of this circle it is the sole moving power; but it 
is a living engine acting in combination with living 
vessels. The force it exerts is a vital force, econo- 
mized by the agency of a vital property communi- 
cated to the vessels, by virtue of which they spon- 
taneously and completely remove all physical ob- 
struction to the progress of the stream through its 
channels. 

303. Some Grerman physiologists of great emi- 
nence, after a careful and patient observation of 
the blood, have satisfied themselves that in addi- 
tion to the contraction of the heart, it is necessary 
to admit a second original and independent motive 
force, namely, a self-moving power inherent in 
the particles of the blood itself. The blood we 
know is a living substance. No reason can be as- 
signed why the power of originating motion should 
not be communicated to such a substance as well 
as to the muscular fibre, of which, indeed, one con- 
stituent of the \Aoo^ ttfiLoT^ \.\!L<e, basis. Such a 

power, if found to\)einViexe.Tv\m>^^\ws>^^^ 
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blood, would explain some phenomena connected 
with the circulation not yet clearly elucidated ; but 
the proof of the self-moving power of the blood 
does not yet seem to be complete. It is, however, 
impossible to explain the phenomena of the circu- 
lation, or to obtain a satisfactory view of some of 
the other functions of the economy, without sup- 
posing the particles of the blood to be endowed 
with a vital power of repulsion, in consequence 
of which they are prevented from uniting when 
in contact, and the fluidity of the mass is main- 
tained. 

In this account of the powers that move the 
blood, no notice has been taken of the physical 
agents supposed to act as auxiliaries to the heart, 
in carrying on the circulation, such as the suction 
power of the thorax, and of the auricles of the 
heart, and the capillary attraction of the vessels; 
because, without questioning the existence of such 
agents, or denying that advantage may be taken of 
them, it seems pretty clear that their influence is 
but trivial, and they assumed importance only 
when the vital endowments of the tissues were 
not well understood. 

304. The ultimate end for which the apparatus 
of the circulation is constructed, and for which all 
its action is exerted, is to convey arterial blood to 
the capillary arteries. These vessels are totally 
distinct in structure and in office from the larger 
arterial tubes. All the tunica oi ^"eefc \k>»m\r. 
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▼easels diminish in thickness and strength as the 
tubes lessen in size, but more especially the middk 
or the fibrous coat; which, according to Wede' 
meyer, may still be distinguished by its colour in 
the transverse section of any vessel whose internal 
diameter is not less than the tenth of a line ; bat 
that it entirely disappears in vessels too small and 
too remote to receive the wave of blood in a mani" 
fest jet. But while the membranous tunics dimi* 
nish, th^ nervous filaments distributed to them 
increase: the smaller and thinner the capillary, 
the greater the proportionate quantity of its nervoiu 
matter ; and this is most manifest in organs of the 
greatest irritability. The coats of the capillaries 
successively becoming thinner and thinner, at 
length disappear altogether, and the vessels ulti- 
mately terminate in membraneless canals farmed 
in the substance of the tissues. '' The blood in the 
finest capillaries," says Wedemeyer, " no longer 
flows within actual vessels ; it is not contained in 
tubes whose parietes are formed by a membranous 
substance distinguishable by its texture and com- 
pactness from the adjoining cellular tissue : At is 
contained in the different tissues in channels which 
it forms in them for itself; and, under the micro 
scope, the stream is seen easily and rapidly to 
work out for itself a new passage in the tissues 
which it penetrates." 
305. Some of t\ie%^ ^xit ^«^^«cv^^\s(e.€aTe they 
entirely lose their mexn\stMi^>» Vqckvrs»» ^^Kxsfiojssv 
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cate directly with veins. Of the capillaries which 
terminate hy direct communication with veins, 
some are large enough to admit of three or four 
of the red particles of the Wood abreast; the 
diameter of others is sufficient to admit only of 
one ; while others are so small that they can trans 
mit nothing but the serum of the blood. As long 
as the capillary is of sufficient magnitude to receive 
three or four of the particles abreast, it is evident 
that it possesses regular parietes ; but by far the 
greater number, before they communicate with 
veins, lose altogether their membranous coats. 
There are no visible openings or pores in the sides 
or ends of the capillaries by means of which the 
blood can be extravasated, preparatory to its being 
imbibed by the veins. There is nowhere apparent 
a sudden passage of the arterial into the venous 
stream ; no abrupt boundary between the division 
of the two systems. The arterial streamlet winds 
through long routes, and describes numerous turns 
before it assumes the nature and takes the direc- 
tion of a venous streamlet. The ultimate capillary 
rarely passes from a large arterial into a large 
venous branch. 

306. The vital power which it has been shown 
(298) is possessed by the arterial trunks and 
branches, is still more intense in the minute ca- 
pillaries. If alcohol, strong acetic acid, naphtha, 
and other stimulating fluids, be injected into the 
arteriea of a, living animal, it i& io^ov^ X^caX "^^"^ 
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are not transmitted through the capillaries a 
or, at all events, that they make their way thi 
them with extreme difficulty ; whereas 
unirritating fluids pass with rapidity and 
Wedemeyer exposed and divided the main f 
in the fore-leg of a horse, together with the < 
spending vein in the shoulder. Several syri 
full of tepid water were now injected inU 
lower end of the artery. The gentlest pre 
was sufficient to force the fluid through the < 
laries. At each injection the water issued 
full stream from the aperture of the vein, the 
of the fluid ceasing as soon as the injectioi 
stopped. Next, instead of water, four syri 
full of pure cold hrandy were injected. To j 
this fluid through the capillaries, so as to rend 
smell and taste perceptible at the aperture o 
vein, required a great degree of pressure; 
when at last the fluid issued from the ve 
merely trickled in a feeble stream. 

The experiment being repeated on another '. 
with vinegar, six syringes-fiill of which beinj 
jected in rapid succession, at first this fluid p 
as easily as water, afterwards it flowed with gi 
difficulty and in a small stream; before 
the force required to propel it was extreme, 
at last the obstruction to its passage bet 
complete, so that no fluid whatever issued 
the vein. 
These expeTinienta,yAi^xic^^^^^^^v^>^ 
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I same result, and they demonstrate that the 
nllaries are capable of being stimulated to con« 
ct upon their contents, and that they can con- 
ct with such force as to stop the current. It is 
nifest that the power by which they do this is 
111, because after death all fluids, the mildest 
1 the most acrid, pass through them with equal 
ility. 

W. Drs. Thompson, Philip, Hastings, and 
ers in this country, have applied stimulants of 
ious kinds to the capillary arteries, in order to 
erve with the microscope the changes which 
vessels undergo. The results of these experi- 
Qts, performed independently, agree with each 
er ; and all the observers concur in stating that 
se results are so obvious and decisive as to 
(lit of no question. Wedemeyer, fully aware 
ill that had been done on this subject by the 
^lish physiologists, repeated their experiments 
li his usual patience and care, vigilantly watch- 
the effects with his microscope. His ohser- 
ons completely coincide with those of our 
ntrymen. The circulation being observed in 
mesentery of the frog and in the web of its 
, it was apparent that no change whatever took 
;e in the diameter of the small arteries, nor in 
: of the capillaries, as long as the circulation 
allowed to go on in its natural state ; but as 
1 as stimulants were applied to them, an alter- 
1 of their diameter 'waa NS»^"t. ^^^^ 
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without much apparent contraction of the ' 
Btopped the flow of the blood. Muriate ( 
in the course of three or four minutes, cau 
vessels to contract one-fifth of their calibre, 
contraction was followed by dilatation and | 
retardation and stoppage of the blood. Ai 
caused immediate and direct, dilatation, a 
effect of galvanism was still more striking, 
space of tune varymg from ten to thirty s 
nay^ sometimes immediately after the con 
of the galvanic circle, the vessels contracts 
a fourth, others half, and others three-fou: 
their calibre. The flow of the blood throi 
contracted vessels was accelerated. The c 
tion sometimes lasted a considerable time 
sionally several hours ; in other instances t1 
traction ceased in ten minutes, and the 
resumed their natural diameter. A second 
cation of galvanism to the same capillaries 
caused any material contraction. 

308. The evidence, then, is abundant that 
lants are capable of modifying to a great 
the action of the capillary arteries, son 
causing them to contract, at other times to 
sometimes quickening the flow of blood t1 
them, at other times retarding it, and free 
altogether arresting its motion. This com 
power of the capillaries must be a vital ( 
Jnent, for no ftuc\i "^to^t^:^ 'vb^ Y^^a^^sed I 
substance destitate oi^ii^»wA^JMx^^a'^^ 
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evidence that it ii communicated, regulated, and 
controlled by the organic nerves, which, as has 
been shown, increase as the size of the vessels and 
the thickness of their membranous tunics diminish. 
The powerful influence of these nerves upon the 
capillary vessels is placed beyond doubt or contro- 
versy by the obvious local changes produced in 
the capillary circulation by sudden, and even by 
mental, impressions, by the flush of the cheek 
and the sparkle of the eye, at a thought conceived 
or a sound heard ; changes which can be effected, 
as far as we have any knowledge, by no medium 
excepting that of the nerves. The part performed 
by electricity, the physical agent by which it is 
conceived the nerves operate, will be considered 
hereafter. 

309. Exerting upon each other a vital force of 
repulsion, under a vital influence derived from the 
organic nerves, urged by the vital contraction of 
the heart, the particles of the blood reach the ex- 
treme capillaries. Most of these capillaries termi- 
nate (304) in canals, which they work out for 
themselves in the substance of the tissues. The 
tissues are endowed with a vital attractive force, 
which they exert upon the blood — an elective as 
well as an attractive force : for in every part of 
the body, in the brain, the heart, the lung, the 
muscle, the membrane, the bone, each tissue 
attracts only those constituents oi ^\x^Ocl \\. \% 
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itself composed. Thus the common current, rich 
in all the proximate constituents of the tissues, 
flows out to each. As the current approaches the 
tissue, the particles appropriate to the tissue feel its 
attractive force, obey it, quit the stream, mingle 
with the substance of the tissue, become identified 
with it, and are changed into its own true and 
proper nature. Meantime, the particles which are 
not appropriate to that particular tissue, not being 
attracted by it, do not quit the current, but passing 
on, are borne by other capillaries to other tissues, 
to which they are appropriate, and by which Aey 
are apprehended and assimilated. . When it has 
given to the tissues the constituents with which it 
abounded, and received from them particles no 
longer useful, and which would become noxious, 
the blood flows into the veins to be returned by 
the pulmonic heart to the lung, where, parting 
with the useless and noxious matter it has accu- 
mulated, and, replenished with new proximate 
principles, it returns to the systemic heart, by 
which it is again sent back to the tissues. 

310. Particles of blood are seen to quit the 
current and mingle with the tissues ; particles are 
seen to quit the tissues and mingle with the 
current. But all that we can see, with the best 
aid we can get, does but bring us to the confines 
of the grand opei«Aion& that ^o on, of which we 
are altogethei i«5;noiwi\.* Kx\fcT\sJS.>^wASA <s.qu- 
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veyed by the arteries to the capillaries ; but before 
it has passed from under the influence of the ca- 
pillaries it has ceased to be arterial blood. Arte- 
rial blood is conveyed by the carotid artery to the 
brain; but the cerebral capillaries do not deposit 
blood, but brain. Arterial blood is conveyed by its 
nutrient arteries to bone, but the osseous capil- 
laries do not deposit blood, but bone. Arterial 
blood is conveyed by the muscular arteries to 
muscle, but the muscular capillaries do not deposit 
blood, but muscle. The blood conveyed by the 
capillaries of brain, bone, and muscle is the same, 
all comes alike from the systemic heart, and is alike 
conveyed to all tissues ; yet in the one it becomes 
brain, in the other bone, and in the third muscle. 
Out of one and the same fluid these living chemists 
manufacture cuticle, and membrane, and muscle, 
and brain, and bone; the tears, the wax, the fat, 
the saliva, the gastric juice, the milk, the bile, all 
the fluids, and all the solids of the body. 

311. And they do still more ; for they are archi 
tects as well as chemists ; after they have manu- 
factured the tissue, they construct the organ. The 
capillaries of the eye not only form its difierent 
membranes and humours, but arrange them in 
such a manner as to constitute the optical in- 
strument; and the capillaries of the brain not 
only form cerebral matter, but build it up 
into the instrument of sensation, thou^t^ vcvd 
motion 
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312. The practical applications of these phe- 
nomena are numerous and most important; but 
they can be clearly and impressively stated only 
when the operation of the physical agents which 
influence the circulation, and which proportionally 
affect life and health, has been explained. 
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